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ABSTRACT: A computer program has been developed at NOL that describes
the shock and blast loading characteristics of the detonation of a
high explosive projectile internal to an aircraft structure; both
shock wave and confined-explosion gas pressure loads are considered.
With certain modifications, the program can be made applicable to any
internal explosion irrespective of the type of confining configuration,
e.g., a naval ship compartment, land vehicle, or building structure.
Discussions are given on the general use and content of the program,
the input options available in the code, and the technical aspects of

the calculational methods used to determine shock loading functions,
confined-explosion gas pressure, venting of the confined gasas, and
damage propagation to other areas of the aircraft. Comparisons of code
results with available experimental data are presented to demonstrate
the justifiable confidence in the use of the code on aircraft problems.
Complete documentation of the code is given together with results of
sample problems that show the various features of the code and the
readily usable form of the resultant loading information.
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The work described in this report was performed under NOL Task
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Survivability-Vulnerability Branch, Prototype Division, Air Force
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for describing blast characteristics associated with the detonation
of a high explosive projectile internal to an aircraft structure.
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Program of the Joint Technical Coordinating Group for Munitions
Effectiveness.
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SUMMARY AND CONCLUSIONS

Assessment of damase to aircraft structures from the detonation

of explosive projectiles internal to the aircraft requires a detailed

knowledge of the dynamic pressure loads applied to various structural
elements. NOL has developed a computer program that is capable of

generating characteristic blast loading parameters associated with
confined explosions in a form readily usable by aircraft design

engineers and vulnerability analysts. Existing state-of-the-art
explosion theory and experimental data were used as the basis for the

*shock wave calculations available in the code. An improved method
of predicting the confined-explosion gas pressure that exists after
shock dissipation was developed especially for this code. Any size
explosion can be treated by the code for any ambient altitude condition
up to and above 50,000 ft, and the code includes the blast properties

of some 29 different explosives including mono, composite, and alu-

minized varieties.

The computer program analytically divides the internal explosion
into two dumaging mechanisms--the shock wave and the confined-

explosion gas pressure. For the shock wave it generates the incident
and normally reflected pressure-time histories and :mpulses for the

positive phase duracion at a specified distance from the explosion.
Existing data and theory were used to develop the shock calculational
model. The code reduces the shock calculation for all cases to the

reference data from a free-field, bare, spherical 1-lb TNT explosion.
Variables that affect airblast which are included in the code for
establishing an equivalent TNT spherical explosion are (1) explosive

weight, (2) type of explosive, (3) cylindrical charge geometry,

(4) case weight of the projectile, and (5) ambient pressure and

temperature at the location in the aircraft where the explosion occurs.

S-1
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'or an explosion internal to a confining structure or compartment,

a long-duration quasi-static pressure exists after dissipation of

the shock wave. The maximum value of the pressure, defined as the

confined-explosion gas pressure, is dependent on these parameters;

(1) weight of explosive, (2) type of explosive (che.mical composition),

(3) volume of compartment, and (4) pressure and temperature of the

air initially in the compartment. Because of the inadequacies of

existing methods of calculating the confined-explosion gas pressure,

a technique was developed especially for this program that follows

the energy generation of the chemical reactions and the changes

in gas properties as the confined-explosion gas pressure is developed.

In a completely closed compartment or structure, heat loss to the

surrounding walls is the only mechanism for reducing the pressure in

time, but this phenomencnis neglected in this program because of the

very long durations involved. However, for the aircraft structure,

there will be openings or vent areas through which the confined gases

can escape such as the initial opening due to entry of the projectile

into the compartment and any fiagmenb penetr-tion openings. Also the

pressure can change abruptly due to wall failure of the compartment

which introduces a new compartment volume. The computer program

calculates the variation of the confined-explosion gas pressure with

time for venting and such volume changes. Vent area and volume

changes are controlled by input damage criteria for compartment wall

failure.

In addition to the technical description of the calculational

models contained in the computer program, a user's guide and complete

documentation of the code are given in the text of the report and the

attached appendices. Also nine sample problems are presented that

demonstrate the many options and features of the program.

Although no single set of experimental data was available to

compare with the overall code performance, each individual calcula-

tional model was tested against pertinent experimental data. Suf-

ficient shock and confined-explosion gas pressure data were found

for comparison, and the agreement with code predictions in these

cases was excellent. It is concluded that the calculational models

S-2
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for these most important aspects of the internal blast loading can

be used with justifiable confidence. Whereas the pressure-time
decay of the confined-explosion gas pressure due to venting has
been verified with limited data, the introduction of volume changes
has not been tested. The method for treating instantaneous volume
changes is based on fundamental thermodynamic relations, thus there
is no reason to believe that this section of the calculation detracts
from the use of the code for general aircraft internal blast problems.

The computer program has wide range potential for use in studies of

structural response of any military op civilian system to an internal
explosion be it aircraft, naval ship, land vehicle, or building
structure. Although it is adequate for the aircraft problems for
which it is presently designed, there are five areas in the code that

require additional study and possible modifications before its
generality can be claimed for large explosions in large structure
compartments such as ship compartments and building rooms. These are
(1) multiple shock reflections from surrounding walls, (2) heat
losses to surrounding walls that might reduce the confined-explosion
gas pressure to a significant degree for large structures, (3) variable
backpressure to the venting process, (4) gas pressure-time history
where mixing of gases after wall failure occurs in a finite time
interval, and (5) subsequent chemical reactions with the air in adja-
cent compartments after wall failure if complete combustion is not
achieved in the initial compartment. With modification to the code
reflecting the above suggested studies, it is believed this computer
code could evolve as a general service-wide tool for the investigations
of structural response to internal explosion loading.

_ __ _ S-3
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CHAPTER 1

INTRODUCTION

One of the current ongoing tasks of the Aerial Target Vulnera-

bility (ATV) Program of the Joint Technical Coordinating Group for

Munitions Effectivencss (JTCG/ME) has been the development of a

component damage data bank. An item defined in this data bank is the

vulnerability of aircraft to internal blast from high explosive

projectiles. Under the direction of the Survivability-Vulnerability

Branch, Prototype Division, Air Force Flight Dynamics Laboratory

(AFFDL), the objectives of this task are (1) to define the internal

blast loading characteristics from a high-explosive projectile,

(2) to determine the damage to aircraft structures, and (3) to assess

the vulnerability of these structures to internal blast effects.

The Naval Ordnance Laboratory (NOL) was assigned the technical

solution of.the first task problem area, namely, to define the

internal blast loading characteristics.

Specifically, the objective of the NOL program was to develop

matheriatical and graphical techniques for describing blast character-

internal to an aircraft structure. Existing state-of-the art

experimental data and explosion theory were to be combined using

sound engineering judgment to provide a computer program capable

of generating characteristic shock wave and blast loading from an

explosion intern.Jl to an aircraft. Execution of the computer program

and the resultant loading functions were to be in a form readily

usable by aircraft design engineers and vulnerability analysts.

Although this task was directed to the solution of the aircraft

problem, the concepts, content, and format of the resultant computer

code can be related to any military or civilian system be it aircraft,

naval ship, land vehicle, or building structure. The code was

structured to accomodate easy modification for any new system.
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With usage on response problems for structures other than aircraft,
it is hoped that a more complete internal blast loading computer
program will evolve for general use.

'°2
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CHAPTER 2

GENERAL DESCRIPTION AND LIMITATIONS OF

COMPUTER PROGRAM

Assume that a high explosive is detonated in a closed structure

of some arbitrary geometry with a small vent opening. If a pressure

sensor were to be placed on the wall of the structure, it would

indicate a pressure-time history of the type shown in Figures 2.1(a)

and (b). On an expanded time scale (a), one would note the initial

peak reflected shock overpressure, APt, followed by subsequent

reflected shock pulses from the adjacent confining wall of the

structure. The oscillations would dissipate leaving a quasi-static

overpressure, APg, created by the heated gases contained in the

structure; this pressure is defined as the confined-explosion gas
pressure. On a reduced time scale (b), the shock refolections would
appear as high spikes near time zero. The confined-explosion gas

pressure, APg, would be clearly established on this time scale.

Even for a completely closed structure, the gas pressure would

slowly decrease in time due to heat losses to the surrounding

structure walls. For a structure with some openings through which

venting could occur, the gas pressure would decay much more rapidly.

An accurate description of the pressure-time history during the

multiple reflected shock phenomena in a closed structure of arbitrary

configuration was far beyond the scope of this program effort and

economically beyond the scope of any three-dimensional hydrodynamic

code. For this reason the shock wave calculations in this program

are limited to the incident and normally reflected pressure-time

shock, depicted in Figure 2.1 (c), arriving initially at a point

on the structure wall. It is believed that the normally reflected

pressure-tine shock history and associated reflected impulse is

sufficient to provide a meaningful index in determining the local

structural response to shock wave loading. Further it is believed

that the predominant damaging mechanism from an internal explosion
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is the confined-explosion gas pressure. For most applications, the

structure wall can be treated as though it were given an initial
velocity by the shock wave as an initial boundary condition. Sub-
sequent loading on the structure is defined by the confined-explosicri

gas pressure which is handled as a separate loading phenomenon

completely decoupled from the shock wave.

The initial magnitude of the confined-explosion gas pressure

is determined from a tecninique developed specifically for this

program, which will be described in detail in a subsequent chapter.

Relative to the slower plastic response time of a typical aircraft

structure, it is assumed that the confined-explosion gas pressure,

6Pg, depicted in Figure 2.1 (d) is developed instantaneously in time.

In other words, the chemical reaction of the explosion gas products

with the surrounding air in the initial confines of the structure

and the heat transfer to the resultant gas mixture are assumed to

oucur instantaneously to develop the confined-explosion gas pressure.

This pressure decreases in time due to venting through available

openings created by the initial entry of the projectile into the

structure, subsequent openings from fragment penetrations, and any

normal structural openings such as cable passageways. Venting cal-

culations assume a constant back pressure equal to atmospheric

conditions outside the aircraft since most leakage would occur

through fragment penetrations in the aircraft skin. Heat losses to

the structure walls that could reduce the gas pressure are neglected

because (1) significant heat loss would require times much larger

than the plastic response times of the structures associated with the

typical small aircraft compartments and (2) pressure decreases much

more rapidly from venting through even the small projectile penetra-

tion opening than from heat losses.

Provisions are made to account for sudden changes in gas

pressure due to structural failure resulting in rapid expansion intc

an adjacent compartment. it is assumed for these calculations that

the change in pressure is instantaneous relative to the much slower

plastic response times of the aircraft structure:;. Also in general

the small compartment sizes in an aircraft structure. would indicate

a rapid stabilization of pressures if compartment walls failed.

4
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In summary to this point, four assumptions have been made that

may limit the use of this computer code to aircraft only. They are.:

(1) multiple shock reflections are neglected--only the initial shock

serves as a damage index, (2) no variation in venting back pressure

occurs, (3) heat losses to structure walls are neglected, and (4)

instantaneous change in pressure occurs with compartment wall failure

propagation. Whereas it is believed that these assumptions do not

significantly restrict the study of aircraft response ts internal

blast, general application of this computer program directly to other

structures, such as ships and buildings, may be hampered by these

assumptions. Therefore, flexibility in code construction has been

provided to allow for easy and efficient modification to those

sections that would be affected by alterations to these assumptions.

The basis for this entire study was existing state-of-the-art

theory, analytical methods, and experimental data for explosions.

When directed to the problem of internal blast, these in themselves

introduce limitations in terms of applicability, and some are open

to interpretation even by explosion experts. Since the prime users

of this code probably will not be people with background in explosion

effects, all pertinent explosion properties are self-contained in the

code. Only the type and amount of explosive are required as input

to the code. In calculations where limitations arising from theory

and data deficiencies are encountered, caution statements are clearly

indicated in the output statements for the user's benefit.

The next four chapters present the technical aspects of the

calculational methods contained in the codeincluding theoretical and

experimental background, certain operational procedures, and explana-

tions of the more important features and options in the code. Com-

parisons of code predictions with available experimental data are

also given in these sections. Chapter 7 and the attached appendices

represent a user's guide or manual for the detailed content and

operation of the code. Also a number of sample problems are included

in this code documentation section to acquaint the user with the

various options available in the code.

1
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TYPICAL TRACES FROM ACTUAL INTERNAL EXPLOSION
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(a) (b)

CODE APPROXIMATIONS FOR INTERNAL EXPLOSION
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FIG. 2.1 TYPICAL PRESSURE-TIME CURVES FOR AN INTERNAL EXPLOSION
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CHAPTER 3

INPUT DATA REQUIREMENTS

Explosive Parameters. For a typical high explosive projectile ,only

four of its properties are required as input to the computer program.

They are: (1) weight of explosive, (2) type of explosive (3) length

to diameter ratio of charge, and (4) metal case weight to charge

weight ratio. Incorporated in the code are the pertinent properties

of 24 types of explosives (Ref. (1)). Table 3.l gives the coded

properties of these 24 explosives plus 3 mono explosives that are

rarely used alone as the main charge. The properties of aliminum

and a common wax binder are also added. If the desired explosive

is contained in this table, it is necessary only to input the index

number to specify the explosive type. If one wishes to input an

explosive not ..i the table, an index number of 0 is used and the
required explosive properties must be specified. However, if for

some reason the energy equivalent weight is not known, a zero for

this quantity will permit shock calculations to be made with an

equivalent weight of one--the same as for TNT. A diagnostic statement
will appear in the output--"WFACT IS NOT KNOWN, 1.0 IS USED"--which

means the shock calculations are equal to those for TNT. If the

desired explosive is a mixture of components in Table 3.1, an index

number of -1 is used and the weight fraction of each component must

be specified. Again the energy equivalent weight may not be known,

but it can be handled in the same manner as before by letting the

equivalent weight equal zero. The only restriction on the type of

explosive used in this program is that the explosive must be of

C-H-N-O form with aluminum as the only possible metallic acditive.

It should be noted that this restriction arises from the confined-

explosion gas pressure calculations; and as it will be discussed in

subsequent chapters, this restriction has no obvious theoretical

basis but must bz invoked because of the lack of experimental data

on other metallic additives or non-C-H-N-O explosives.

7 uca 110M~nA~rra±~,ank.. A1 
1 COPYLaa~L 
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The computer program is capable of making corrections for

cylindrical charge shape factors for length to diameter ratios

(L/D) between 2 and 10. This is sufficiently general to accommodate

most common anti-aircraft projectiles. If the L/D ratio is less

than 2 as input, the code will treat the charge as spherical.

To account for effects of metal casing on the degradation of

the shock wave, it is necessary to input the case weight to charge

weight ratio (M/C) for the weapon. The total case weight (case,

nose, fins, and fuze) should not be used in determining the ratio.

Rather, it is recommended that only the case weight irmmediately

adjacent to the explosive charge in the radial direction be used.

Initial Conditions in Structural Compartment. In order to calculate

internal blast characteristics, it is necessary to specify the

initial geometric properties of the structural compartment in which

the explosion occurs and of the air that is confined in the compartment.

Specifically for this computer program, they are (1) initial ambient

pressure and temperature of the confined air (air is treated con-

ventionally as 79% N2 and 21% 02 by volume), (2) initial gas volume

of the compartment, (3) initial vent area for confined gases (would

include opening from projectile entry and additional openings from

fragment penetrations), and (4) ambient pressure or backpressure

against which venting would occur, i.e., air pressure outside the

compartment. If the ambient conditions of items (1) and (4) are the

same as those for air at the altitude at which the aircraft is

located, only the altitude of the aircraft need be specified. For

this case the computer code has the 1959 ARDC standard atmosphere

taken from reference (2) as a subroutine for determination of the

initial ambient pressure and temperature.

Shock Cac.lations. To make any shock calculation, the distance

from the point of detonation to a desired location in the compartment

must be designated. Specifically for this problem, this distance

is measured radially from the point of detonation to the point on

* the structure wall where shock pressure-time information is desired.

As input to the code the total number of different distances of

interest must be specified, followed by a list of these desired

8
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distances. In this manner the variation of shock loading as a
function of location on a particular structural wall can be
determined. There are two options in the code that must be specified
as input depending on the type of 'shock and confined-explosion gascalculations desired. For normal code operation where both shock
and confined-explosion gas pressure calculations are of interest,
option 1 is used with the number and list of distances. However,
if shock calculations are not desired, then option 1 is used and the
number of distances is set to 0, and the shock calculation section
of the program is bypassed. On the other hand, if one wishes to
examine only shock calculations, option 2 is used with the number and
list of distances, and the confined-explosion gas pressure section
of the program is bypassed.

Volume and Vent Area Changes. It is quite possible that damage to
an aircraft from an internal projectile explosion will propagate
beyond the confines of the initial compartment where detonation
occurs. Excessive shcck loading or confined-explosion gas pressure
may fail a comprtment wall allowing the confined gases to propagate
to an adjacent compartment, if this pressure remains excessive,
additional wall failures may occur with the subsequent spread of
the confined gases. As the gases propagate to different compartments
and occupy larger volumes, the pressure is reduced. When the confined-
explosion gas pressure has decreased to the point where wall failure
does not occur, the damage propagation stops. Although a structural
response code will eventually be interfaced with this blast loading
code to assess the damage propagation to these pressure loads, a
skeleton format is provided in this code to allow for an initial
examination of the propagation phenomena. As an example, take the
box structure represented in Figure 3.1 where the initial explosion
occurs in the compartment with the circled X. Through wall, failure
(sides with cross-lines), the damage may propagate to compartments A,
B, and C. It is necessary to specify certain conditions that control
the damage propagation such as wall failure criteria and the amount
and condition of the air in the adjacent compartments. There are
three options available in the code to specify desired characteristics
of compartment wall failure.
' ,9
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The table in Figure 3.1 is an example of failure criteria

option 3. .nterpretation of this input table to the computer program

is as follows. (1) If the confined-explosion gas pressure in the

*initial compartment is above 45 psia 0.15 sec after detonation, the

wall fails allowing the gases to mix with 4 ft3 of air at 14.7 psia

and 200 C in compartment A and providing an arbitrary additional vent

area of 0.00545 ft2 . (2) If the gas pressure after mixing with air

in compartment A is above 20 psia 0.60 sec after detonation, the

next wall fails exposing compartment B which has 4 ft3 of 14.7 psia,

200 C air and an additional arbitrary vent area of 0.00545 ft2.

(3) If the gas pressure after mixing in compartment B is above 19 psia,

wall failure occurs involving compartment C, etc. Option 3 offers

both pressure and response time control on damage criteria. If at any

step the pressure is below the tabulated value at the specified time,

propagation stops. For example, if the pressure is below 20 psia

at 0.60 sec after detonation, damage does not propagate to compart-

merits B or C.

Damage criteria options 1 and 2 are simplified versions of

the above. Option 1 specifies only the pressure failure levels with

wall failures occurring instantaneously in time. Option 2 specifies

only the time of failure irrespective of pressure level. Both of

these options, like option 3, require as input the volume and ambient

conditions of the air in the various compartments and any additional

vent area.

10



NOI.TR 7-3

A

/C

FAILURE FAILURE ADDITIONAL ADDITIONAL AMBIENT AMBIENT
PRESSURE TIME VOLUME AREA PRESSURE TEMPERATURE

(PSIA) (SEC) (CU FT) (SQ FT) (PSIA) (C)
45 .15 4 .00545 14.7 20

20 .60 4 .00545 14.7 20
19 .80 4 "0 14.7 20

FIG. 3.1 EXAMPLE OF FAILURE CRITERIA RESULTING IN VOLUME AND
VENT AREA CHANGES

.4
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TABLE 3.1
LIST OF EXPLOSIVE PROPERTIES
(BASED ON DATA FROM REF. 1)

EQUIVALENT HEAT OF WEIGHT FRACTIONS OF
INDEX EXFLOSIVE WEIGHT FORMATION COMPONENTS

NUMBEP NAME fe (CAL/GM) C H N AL.

1 TNT 1.00 -78.40 0.370 0.022 0.185 0.423 0
2 TNETB 1.13 -307.1 0.186 0.017 0.217 0.580 0
3 EXPLOSIVE D 0.85 -386.3 0.293 0.025 0.227 0.455 0
4 PENTOLITE 1.17 -242.8 0.280 0.024 0.182 0.514 0
5 PICRATOL 0.90 -238.:i 0.329 0.024 0.207 0.440 0
6 CYCLOTOL 1.14 22.79 0.225 0.026 0.320 0.429 0
7 COMP B 1.10 4.33 0.252 0.026 0.298 0.424 0
8 RDX/WAX 1.19 57.00 0.176 0.030 0.371 0.423 0

98/2
9 COMP A-3 1.09 24.93 0.225 0.038 0.344 0.393 0

t0 TNETR/AL 1.23 -276.4 0.168 0.014 0.196 0.522 0.100
90/10

11 TNETV/AL 1.18 -239.5 0.146 0.012 0.170 0.452 0.220
78/22

12 TNETB/AL 1.18 -221.1 0.134 0.011 0.157 0.41b 0.280
72/28

13 TNETB/AL 1.23 -199.6 0.121 0.010 0.142 0.37 0.350
65/35

14 TRITONAL 1.07 -62.72 0.296 0.018 0.148 0.3"j8 0.200
15 RDX/AL/WAX 1.30 50.38 0.160 0.027 0.333 0.'80 0.100

88/10/2
16 RDX/AL/WAX 1.32 43.76 0.144 0.024 0.295 0.337 0.200

78/120/2
17 RDX/ALIWAX 1.30 29.36 0.163 0.027 0.280 0.320 0.210

74/21/5
18 RDX/AL/WAX 1.30 33.28 0.154 0.026 0.280 0.320 0.220

74/22/4
19 RDX/AL/V/AX 1.19 21.42 0.143 0.024 0.235 0.268 0.330

62/33/5
20 TORPEX II 1.24 -3.57 0.216 0.021 0.233 0.350 0.180
21 H-6 1.27 -12.56 0.223 0.025 0.224 0.318 0.210
22 HBX-I 1.21 -22.93 0.249 0.026 0.221 0.334 0.170

23 HBX-3 1.16 -21.83 0.200 0.022 0.171 0.257 0.350

24 TNETS/RDX/AL 1.24 -102.6 0.I1!5 0.013 0.184 0.338 0.3!0
39/26/35

25 ALUMINUMA 0 0 0 0 0 0 1.000:

26 WAX 0 -392.0 0.856 0.144 0 0 0

27 RDX 0 66.16 0.162 0.027 0.379 0 432 0

28 PETN 0 -407.1 0.190 0.026 0.177 0.607 0

29 TETRYL 0 16.26 0.293 0.017 0.244 10.446 0

12
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CHAPTER 4

SHOCK WAVE CALCULATIONS

Base Data. The principal thesis of the shock wave calculations in

this computer program is that a cased, cylindrical charge of a given

type and amount of explosive detonated at any altitude from sea level

to at least 50,000 ft can be equated to a free-fiL-ld 1-1b TNT

spherical explosion at sea level. Generally explosion data given in

handbooks for TNT do not provide sufficient information to yield the

pressure-time hiistory of the shock at a specified distance from the

explosion; usually only peak pressures, positive phase durations, and

positive impulses are given. One must turn to various hydrodynamic

codes to obtain such information in lieu of extensive experimental

data. However. such codes are lengthy and expensive to run and do not

lend themselves to the objective of this program. It was decided

to use results from a current version of the WUNDY hydrocode developed

at NOL and described in reference (3), to normalize these results to

form a family of pressure-time curves for a large number of distances,

and to find the best empirical fit to represent these results.

Figure 4.1 shows four representative curves developed by WUNDY

that demonstrate the incident pressure-time behavior of a free-field

shock wave as a function of distance, R. From some 25 curves of this
~type that exist outside the explosion gas contact surface, it was

i found that the family could be represented quite well by the equation.

~(l +A-qT )
ff= AP/AP i = (I - T) e-  (4.1)

i where

= (t - ta)/t d

a (228/R) - 095
A 0.5

II,1



NOLTR 72-231

and APi = peak incident shock overpressure

AP = instantaneous overpressure

t = time measured from detonation

ta = arrival time of shock measured from detonation
td = positive phase duration of incident shock pulse

R = distance from detonation (cm)

From the above equations, it is seen that peak incident

pressure, arrival time, and positive phase duration for a given

distance are the only parameters required for development of the

shock pressure-time curve. Values of peak incident overpressure and

arrival time are readily available from WUNDY code results and have

been tabulated in the computer program for 108 distances ranging

from the charge surface to 2.342 x 10 cm (based on 1-lb bareTNThere).

Positive phase durations for distances outside the contact surface

are also obtained from WUNDY. However, inside about 70 cm, the

positive phase duration of the shock wave is not completed before

interaction with the contact surface occurs. Although WUNDY follows

the contact surface boundary, the available runs do not yield usable

results inside the contact surface. Therefore, experimental data

from references (4) and (5) were used to derive approximate pcsitive

phase durations inside the contact surface. The computer code assunies

that equation (4.1) continues to hold inside the contact surface.

Arrival time of the contact surface is programmed into the code. When

shock information is desired at a point inside the contact surface,

the user is alerted to the fact that the pressure-time !,story is an

approximation by a diagnostic or warning statement that appears in

the code output--"CAUTIO--CO :TACT SURFACE HAS ARRIVED. DA'rA ARE

CRUDE BEYOND T(MSEC) AFTER SHOCK ARRIVAL =".

As indicated previously, parameter values are tabulated in the

computer code for 108 distanccs. An interpolation method was needed

to accommodate any given distance. Plots of peak pressure, shock

arrival time, positive phase duration, and contact surface arrival

time as functions of distance on log-log snales demonstrated a nearly

linear slope over relatively small intervals. Therefore, linear

Interpolation between the lo6 values of the parameters and the log
values of distance is coded into the program as an accurate intorpc-

lation method. 14
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Scaling Equations. To relate a spherical TNT explosion at altitude

to a 1-lb spherical TNT explosion at sea level, conventional Sachs

scaling was used in the computer program. (Sachs scaling method can

be found in many references on airblast from explosions, such as

reference (6).) The scaling relations, as they are used in this

computer code, are given as

R (W /W ,1/3 (P/P )1/3 (.2)
S a s a a/s

AP = APs(Pa/Ps )  (4.3)

ta = s(Wa/Ws)l/3 (Ps/Pa)1/3 (Ts/T a)/2 (4.4)

Ia * Is(Wa/Ws)1/3 (Pa/Ps)2/3 (Ts/Ta)1/2  (4.5)

where

R a distance

W = charge weight

AP = overpressure

P = ambient pressure

t = time

T = ambient temperature

I = impulse

s = subscript denoting 1-lb TNT sphere at sea level

a = subscript denoting TNT sphere at altitude

Following the order of these equations, for a given distance,

Ras from a spherical TNT charge, Wa, at altitude pressure, Pa'
and temperature, Ta; a scaled distance, Rs, from a 1-lb TNT spherical

charge (W s=l) at sea level pressure and temperature, Ps and Ts, is

determined. The code then calculates a pressure-time curve for the

scaled distance and 1-lb TNT charge at sea level from equation (42.)

and numerically integrates this curve to determine the incident impulse.

With values Ps' ts and I., equations (4.3)--(4.5) define the values

of these parameters at the desired altitude. More details of this

method will be presented in subsequent sections.

15
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Equivalent Weight. In the previous section on scaling, all charges

were TNT spheres. Since typical projectile charges are cased,

cylindrical, non-TNT explosives, methods for equating the blast

effects of a real projectile to those of an idealized TNT sphere

were required. Virtually all studies directed at establishing

equivalent weights have been conducted at sea l)evel conditions. The

assumption was made for this program that the relative performance of

explosives is essentially the same at sea level as at altitude so that

equivalent weights do not vary with altitude. The equivalent weight

relating various explosive compositions in bare spherical charge form

to airblast performance is defined in this report as the energy

equivalent weight, fe' and is given as an explosive property in

Table 3.1. Factors relating cylindrical to spherical charges and

cased cylindrical to bare cylindrical charges have been shown experi-

mentally to depend on the peak incident overpressure level in a gross

sense. Therefore, before evaluating these factors, an estimate of

the peak incident overpressure for a spherical explosion scaled to sea

level is made based on the energy equivalent weight alone.

First, methods were developed ro determine the cylindrical charge

equivalent weight. A compilation of data for bare Comp B cylindrical

charges was taken from reference (7) for L/D rabios between 2 and 10.

It was found that the data formed the three curves shown in Figure 4.2.

The 900 curve gives peak incident overpressures measured along a line

perpendicular to the longitudinal axis of the cylindrical charges;

the 450 curve gives overpressures along a line inclined 450 from the

longitudinal axis; and the 00 curve gives overpressures along the

extension of the longitudinal axis. The orientation of the projectile

with respect to the aircraft compartment structure would vary con-

* siderably depending on the mode of attack. Since the design of air-

craft to withstand internal blast is of utmost concern for this program,

a conservative assumption is to use the curves yielding the highest

pressure. In Figure 4.2 this is the 900 curve up to a scaled distance

of about 8 and then the 450 curve for scaled distances greater than 8,

or the resultant composite cylindrical charge curve shown in Figure 4.3.

(If one is interested in weapon selection for damaging aircraft, he

would chose the composite curve of 450 and 00 in Figure 4.2.)

16
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From the same DRI study in reference (7), bare spherical charges

of the same explosive Comp B were detonated yielding the spherical

charge curve in Figure 4.3. Chosing a particular pressure level, one

can determine the cylindrical charge equivalent weight (fs = weight

of sphere/weight of cylinder) for equal distances. In this manner the

low-pressure curve shown in Figure 4.4(a) was developed. Empirical

relations that represent this curve

0 < AP 20 ; fs = 1.45 (4.6)

20 < APi ; fs 0.613 (APi)0 .287  (4.7)

have been programmed into the computer code. It is assumed in the

program that all explosives follow the behavior of this experimental

data for Comp B. Lack of complete sets of data for other explosive

compounds makes this assumption necessary.

In Figures 4.2, 4.3, and 4.4, the experimental data do not extend

to overpressures above 100 psi. To limit shock calculations to this

experimentally verified range is too restrictive for a realistic

problem where the projectile will generally be relatively close to a

structure wall where incident overpressures above 100 psi will surely

exist. It is improper to assume that the cylindrical charge equivalent

weight will continue to increase indefinitely with pressure as given

by equation (4.7). As the distance from the cylindrical charge

decreases, at some point the charge will begin to appear as an

infinitely-long charge or a line charge, and the equivalent weight

will begin to decrease. Since no experimental data are available to

provide guidance for determining equivalent weights for pressures

above 100 psi, the following method is assumed. From theoretical work
on line charges developed by Kirkwood and Brinkley in reference (8),
the high-pressure curve shown in Figure 4.4(b) was determined. Note

that the ordinate is not equivalent weight as in Figure 4.4(a), but

rather a term defined for this report as comparative weight index.

From the L/D ratio of the charge, this inde: can be converted to the

equivalent weight, f s If one makes this conversion over the entire

curve, a family of curves is generated and shown as the various L/D

curves in Figure 4.5. The transition from a line charge to a cylindrical

17
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charge of finite length is made by extending the low-pressure curve

in Figure 4.4(a), or equation (4.7), until it intersects this family.

Thus Figure 4.5 represents the composite example of the method used

by the computer to calculate the cylindrical charge equivalent weight.

Although the trend of the assumed method agrees with the expected

physical behavior of cylindrical charges, any shock calculations based

on this method must be viewed as approximations. Because of the
uncertainty associated with this approach and the lack of experimental

verification of pressure data above 100 psi for cylindrical charges

in general, a diagnostic or warning statement in the computer output
appears--"CHARGE SHAPE CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF

EXPERIMENTAL DATA".

Secondly, a method to determine the effects on airblast shock of a

metal. casing surrounding a cylindrical charge was required, i.e., a

casing equivalent weight, fc' to relate cased and bare cylindrical

charges. As found in reference (9), a number of methods have been

proposed and are given in Figure 4.6. These curves alone give no

insight to the-best approximation of the casing effects. Assorted

case effects experimental data taken from references (10)-(13) have

been plotted in Figure 4.6. Whereas it appears that the equation

fc = 0.20 + 0.80/(1 + M/C); M/C = case weight/charge weight

best fits the experimental data, it is noted that it slightly under-

estimates the effects of the case for much of the data. Congistent

with previous assumptions for the cylindrical charge equivalent

weight, the most conservative method was sought, i.e., the method

that yields the greatest pressures. This was accomplished by combining

the upper two curves into one as plotted in Figure 4.7 with a replot

of the experimental data points. It is noted that only one data point

lies above this curve. Therefore, the casing equivalent weight used

in the computer program is expressed as

0 < M/C < 0.53

1 + (M/C)(I-M') = 1 - (M2C)21(l + MIC) (4.8)
c 1 + M/C

(M' = M/C for values of M/C less than 1)

18
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0.53 < M/C

fa 0.47 + 0.53/(1 + M/C) (4.9)

(Again, if one were interested primarily in weapon selection rather

than aircraft design, the lower curves of Figure 4.6 would be more
suitable.) It should be pointed out that the experimental data used

for casing effects were based on measured incident overpressures less

than 100 psi. Therefore, a warning statement appears in the computer
output to alert the user to the approximate nature of the data for

overpressures above 100 psi--"CASE WEIGHT CORRECTION IS CRUDE. PSI
EXCEEDS RANGE OF EXPERIMENTAL DATA".

From the above discussions, a cylindrical, cased, non-TNT explosive

charge can be related to a bare spherical TNT charge by the expression 7

WTNT = W x fe x fs x fc (4.10)

where

WTNT = weight of equivalent bare spherical TNT charge

W = weight of cased charge

fe = energy equivalent weight from Table 3.1

fs a cylindrical charge equivalent weight from Figure 4.4

or 4.5

fc = casing equivalent weight from equations (4.8)and (4.9)

Free-Field Incident Pre-sure-Time and Impulse. Using equation (4.10)

and the scaling equation (4.2), the computercan scale a high explosive

projectile explosion at altitude to a free-field, bare, spherical 1-lb

TNT explosion at sea level. For a specific scaled distance, the

computer selects appropriate free-field explosion data required for

the pressure-time equation (4.1). It then calculates incident free-

field overpressures that correspond to equal time steps during the

positive phase duration of the shock wave. The number of equal time

steps, k, can be varied from 10 to 40; however, the number should be

as large as conveniently possible because these time steps control

the numerical integration procedure that calculates the positive

impulse as seen by the following equation

19
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i-k
I i) + AP(i-1)) At/2

i_0

ere
I = incident impulse

AP - incident overpressure

i step index

At - time interval

td a positive duration

k a number of time steps

For the convenience of the user, time is measured both from the

instant of detonation and from the instant of shock arrival at the
desired distance from the explosion. The tabulated incident

pressure-time information and the incident impulse are then scaled

to the actual conditions at altitude using the scaling equations
(4.3)--(4.5).

Normally Reflected Pressure-Time and Impulse. As stated in the

general program description, accurate analysis of shock reflection in

a structure of an arbitrary configuration is presently beyond the

scope of this code. Normally reflected pressure-time informacion and

normally reflected impulse have been chosen as loading indices for

studying structural response to shock loading. For the small structural

compartments in aircraft, shock loading from the relatively small

explosive charges in anti-aircraft projectiles would be completed

before any appreciable plastic response of the structure has occurred.

Therefore, the shock bastcally can be treated as an impulsive load
on an aircraft compartment structure, and it is believed that the

normally reflected explosion data developed be the computer code

will be sufficient to index the response of the structure to shock

loads. While this assumption is sufficient, in all probability,

when applied to small aircraft compartment structures, it might prove

restrictive and limiting for code application to response problems

20
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relating to large structures such as ship compartments or building

rooms.

Methods for predicting the peak normally reflected overpressure

have been developed and verified by experimental data over a wide
iange of pressure. The method used in this computer program is

based on the reflection factor curve developed by Brode in reference (14)

and shown in Figure 4.8 as the solid curve. With sufficient accuracy

this curve is approximated by the combination of dashed curves shown

in this figure. In the computer program the following equations are

used to calculate reflection factors for the peak normally reflected

overpressure at sea level conditions.

0 <Api < 200 psi

fR = 2 (4.11)
(7)(14.7) + APi

200<APi < 10,000 psi

fR = -3.18 + 3.97 loglO (APi ) (4.12)

10,000 <APi

fR = 13 (4.13)

where APi = peak incident shock overpressure.

The major problem now is how to relate this normal reflection

factor derived for the peak reflected overpressure to the entire

reflected pressure-time history and reflected impulse. Whereas

hydrocodes exist that will follow the normally ,.eflected shock

phenomena in time, they do not lend themselves economically for use

with this program. For the lack of a better method at this time, it

is assumed that an adequate approximation to the reflected pressure-

time history is found by multiplying the pressure level of the

previously calculated incident pressure-time history by the reflection

factor, fR' derived for the peak reflected pressure. Thus the

computer program multiplies the incident pressures as they are

determined for the 1-lb TNT sphere at sea level by the appropriate

I, 21
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reflection factor, f., from equations (4.i1)--(4.13) using the peak

incident peak overpressure. It then scales these results to altitude

conditions in the same manner as it scales the incident pressures.

Likewise, the incident impulse is multiplied by the same reflection

factor to obtain the normally reflected impulse.

If one wishes to evaluate a reflection condition other than normal,

it is possible to modify the incident pressure-time curve with a

reflection factor for an angle of incidence other than normal (900).

Such reflection factors can be found in Figure 4-6 of reference (15)

and in Figure 3.71b of reference (16). With the uncertainties involved

in this approach to reflected pressure-time histories, caution should

be exercised in using the referenced factors for other angles of
incidence with this method except to serve as an index or for scoping

calculations.

Comparisons with Experimental Data. Since normally reflected pressure-

time and impulse information are assumed to be the important shock

characteristics in terms of aircraft compartment structure damage,

it is most important that the code predicts normally reflected shock

phenomena accurately. Unfortunately, documentation of experimental

programs studying reflected shock data relatively close to the

explosion has been difficult to find. The best available set of

data was found in the BRL study reported in reference (5). This

report presented experimental curves for peak reflected pressure and

reflected impulse based on old and new tests with bare, spherical

pentolite charges.

These curves are shown in Figures 4.9 and 4.10 along with

calculated results from the computer program depicted by the circles.

Peak reflected pressure predictions agree remarkably well with the

experimental curve in Figure 4.9. Reflected impulses agree well

with the experimental curve in Figure 4.10, but the relative variation

is not as good as for peak reflected pressure. In all fairness to

the computer program, a close study of the spread of experimental

data from which the impulse curve was drawn (Figure 8 of reference (5))

reveals experimental variation as large as that observed from the

code prediction-experimental curve comparison. It is important to

22
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note here that these experimental data extend to the very high

pressure range and that the reflected impulse for some of the

tests include effects inside the contact surface--all questions of

uncertainty in the formulation of the code. Therefore, it must be

concluded that the computer code yields predictions that agree

remarkably well with this set of experimental data, which certainly

provides confidence to the use of the computer program for shock

calculations.

Additional confidence is gained from a comparison of a reflected

pressure-time trace from one of the BRL experiments with a code

predicted reflected pressure-time history. Figure 6 of reference (5)

gives an enlargement of a reflected pressure-time trace from a 1/8-lb

pentolite test at a scaled distance of 2.5 ft/lbI"3 . This curve,

which is free of extraneous noise and oscillations, is shown in

Figure 4.11 as the solid curve. Shown as the dashed curve is the

predicted reflected pressure-time results from the computer code.

Agreement has to be classified as excellent in light of all the

simplifying assumptions used in the code for shock calculations.

23
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FIG. 4.2 PRESSURE-DISTANCE CURVES FOR VARIOUS ANGLES FROM
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FIG. 4.3 COMPARISON OF PRESSURE-DISTANCE CURVES
FOR CONSERVATIVE CYLINDRICAL AND
SPHERICAL CHARGES
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CHAPTER 5

CONFINED-EXPLOSION GAS PRESSURE CALCULATIONS

Phenomena Description. The development of the quasi-static pressure

that exists in a closed structure after an explosion is presented in

detail in references(17) and (18). It is briefly discussed here.

After the multitude of shock reflections from an explosion in a

completely closed structure have dissipated, there exists a significant

overpressure in the structure. A tremendous amount of heat is released

from the chemical decomposition of the explosive charge and from

subsequent reactions with oxygen in the surrounding air in the structure.

Mixing of the extremely hot explosion gas products with the initial

gas in the structure results in an elevated equilibrium temperature

of the gas mixture. Since the volume of the structure remains essen-

tially constant during the explosion, the elevated temperature must

be accompanied by an increase in the equilibrium pressure of the gas

mixture. The process can be viewed to be similar to a combustion test

in a bomb calorimeter. The pressure will slowly decay with time due

to heat losses to the structure walls; however, in comparison with the

highly transient nature of the shock phenomena, this pressure can be

truly defined as quasi-static.

Historically in the literature, this quasi-static pressure has

becn known by different names such as static pressure, steady over-

* pressure, internal blast pressure, post-detonation pressure, and

chamber pressure. It is assumed that the reason that no single name

has evolved is because there has been misinterpretation of existing

names or it has been felt that existing terms do not adequately

describe the phenomena. Therefore to add to the growing list of

names and hopefully to clarify, this quasi-static pressure created

by mixing the hot explosion gas products with the initial gas in the

closed structure is simply defined in this report as the confined-

explosion gas pressure.I 35
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Existing Methcds of Calculation. Currently there are two commonly used

methods for estimating the magnitude of the cornfined-explosion gas

pressure; that proposed by Filler in references(17) and (18) and that

proposed by Weibull in reference (19). Filler proposed that the
confined-explosion gas pressure can be calculated from an expression

equivalent to

APg - (4hW)/V o

where APg = confined-explosion gas pressure (overpressure), psi

h = heat of combustion of explosive, cal/gm

W = weight of explosive, lb

V = volume of closed structure, ft3

This method assumes that there is sufficient oxygen in the initial

air in the closed structure to ensure that an oxygen-deficient

explosive will achieve complete combustion. It also assumes that

the specific heat of the gas mixture remains constant. This approach

was verified for small quantities of different explosives detonated

in a large air-filled chamber resulting in modest confined-explosion

gas pressures up to about 30 psi. Realizing the deficiency in the

use of the heat of combustion in a possibly oxygen-poor atmosphere,

Filler conducted experiments in an inert atmosphere and found results

that indicated the heat of detonation yielded accurate agreement for

this case, as expected. Unfortunately these studies did not determine

analytical relations that describe the phenomena in the transition

region between the heat of combustion and heat of detonation. Neither

did they extend to the high-pressure region where the effects of

variations in gas specific heats could be observed readily.

Weibull proposed that the confined-explosion gas pressure for a

TNT charge can be calculated from the expression

A?= 2410 (W/V )0.72
go

This method was an empirical fit to experimentally measured pressures

from TNT explosions. Unlike Filler's method, there are no means of

relating this equation to explosives other than TNT. However, Weibull's

experimental data extends into the high-pressure range (near 1000 psi)

where obviously the specific heats o. the gas mixture components are

changing and the transition between heat of combustion and heat of
36
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detonation can be observed. Unfortunately, this study was limited

to an empirical approach without fully exploring the underlying

phenomena.

Need for Improved Method. Figure 5.1 gives the prediction curves
proposed by Filler's method and Weibull's method. Weibull's extensive
TNT data are also plotted for direct comparison. The deficiencies

of these two methods become obvious from the comparison. Because

complete combustion and a constant specific heat of the gas mixture
were assumed, Fillerls method becomes decreasingly accurate as the
pressure level increases. Even if the heat of detonation is used with
Filler's method (the lowest curve in Figure 5.1), the deficiencies in
handling the transition region are easily recognized. Weibull's

curve approximates the TNT data better than Filler's method over the
range of data, but it is all too clear that important physical

phenomena are being glossed over in the empirical treatment of the
problem that makes it impossible to extend this method to any explosive

other than TNT.
Since the confined-explosion gas pressure is believed to be the

most important loading parameter in the aircraft internal blast
problem, it was imperative that an improved method for calculating the
confined-exolosion gas pressure be developed. The following sections

describe the technique contained in the computer program for predicting

the confined-explosion gas pressure and comparing code results with

available experimental data.

Description of Imoroved Method. The improved method assumes an

explosion in a closed structure of volume, Vo, filled with air at some

ambient pressure, Pa' and temperature, Ta . The explosive is limited

to a hydrocarbon form of the elements C, H, 0, and N with aluminum

being the only possible metallic additive. Since most explosive
compounds are oxygen-deficient, it is assumed that the reaction

can consume all of the oxygen in the air in the closed structu-e, if

needed. This basiually is assuming optimum mixing and reaction. The

code calculates the number of moles of air initially in the closed

structure volume from the perfect gas law. One mole of air is assumed
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to be composed of 0.21 mole 02 + 0.79 mole N2. From the C, H, O,
N, AL composition of the explosive charge given as weight fractions

in Table 3.1, the code calculates the number of moles of each of
these elements.

The chemical reaction of the explosion and mixing with the air

in the closed structure creates the combustion products H20, AL203,

CO, C02, 02, and N2 . A priority in the reaction is assumed as follows;

(1) the hydrogen in the explosive reacts with oxygen such that all

hydrogen appears as H20, (2) the aluminum has next priority on the

oxygen, such that all the aluminum appears as the solid AL203, (3) if

there is an overabundance of oxygen in the explosive and structure

air, complete combustion occurs such that all carbon appears as CO2
and the remaining oxygen not needed in any of the reactions appears

as 02, (4) if there is insufficient oxygen in the system after the

H20 and AL203 reactions, then CO and CO2 are produced in quantities

given by the following equations

n(C) + m(O) * a(CO) + b(CO 2 )

a + b =n or a = 2n - m.

a + 2b =m b = m - n

where
a = number of moles of CO produced

b = number of moles of CO2 produced

n = number of moles of C

m = number of remaining moles of 0

and no 02 exists in the final gas mixture, (5) the nitrogen does not

participate in the reaction and appears as N2 in the final gas mixture.

From the above calculations the number of moles of component gases

(H20, Co, C02, 02, N2 ) that make up the final gas mixture in the

closed structure are known.

The formation of H20, AL203, CO, and A in this combustion-type

process releases a large amount of heat energy. Respective standard

heats of formation are multiplied by the moles of individual gas

components, and th- sum of these quantities is defined for use in this

report as the heat of reaction. The heats of formation for the gas

products are negative by standard thermodynamic terminology, i.e., if

energy is released to the surrounding atmosphere, the heat of formation
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is negative. Thus the heat of reaction is likewise negative. However,

for convenience in this report, it is desirable to express the total

amount of energy, Q, released by the explosion as a positive quantity.

The heats of formation of the gas products and the heat of reaction

are treated as positive quantities in the computer program. To account

for the heat of formation of the explosive compound in determining the

total energy, Q, it is necessary to add the heat of formation of the

explosive compound given in Table 3.1 to the heat of reaction. (Signs

of values in Table 3.1 conform to standard thermodynamic terminology.)

Ar a computational model only, the gas components of the final gas

mixture in the closed structure are assumed to exist at the inicial

ambient pressure, Pa' and temperature, Tat of the air in the initial
volume, Vo The energy, Q, is then added to the gas mixture, but it

is added in 100*F steps in temperature.

It is well known that the addition of heat to a gas in a constant

volume system foilows the perfect gas relation

AQ = n Cv AT (5.1)

where AQ = heat added

n = moles of gas

Cv = specific heat of gas at constant volume

AT = change in temperature

One of the weaknesses of previous methods for determining the confined-
explosion gas pressure was that the variation in Cv with temperature

was neglected. Given in the literature, reference (20), are equations

relating the specific heat at constant pressure, Cp, with temperature
for the various component gases in the final gas mixture. With the

assumption that the perfect gas relation

R0  p - Cv (Ro - universal gas constant)

can be used, equation (5.1) becomes

AQ = n (Cp - R o)AT (5.2)

and direct use of the Cp equations in reference (20) can be made
For convenience in calculation, the computer finds a weighted average

Cp to be used in equation (5.2) with the total number of moles of

gas, n, in the final mixture.~39
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With the total energy released, Q, and the total number of moles,

n. of the gas mixture known, the computer uses the following numerical
procedure to determine the final temperature of the gas mixture. (The

initial temperature is taken at T - Ta and the addition of Q follows a

constant volume process.) (1) The weighted average C for the gas

mixture is determined for the temperature, T. (2) For a temperature

step of AT = 100 0F, the incremental amount of heat, AQ, required to

change the temperature by 100OF is calculated from equation (5.2).

(3) The temperature of the gas mixture after the step is r = T + AT.

(4) The incremental energy, AQ, is subtracted from the total released

energy, Q. (5) The calculational steps (1) through (4) continue until

all of the total released energy, Q, is used, thus the final tempera-

ture, Tf, is calculated.

With the final temperature, Tf, determined, the perfect gas law

gives the final pressure of the gas mixture in the closed volume, Vo,

by the relation

Pf = n RoTf/Vo  (5.3)

Conventionally this pressure is expressed as an overpressure, so that

the confined-explosion gas pressure, Pg. is defined as

APg = Pf - Pa (5.4)

It should be restated that this method of calculating the confined-

explosion gas pressure is limited here to C-H-N-O type explosives

with aluminum as the only possible metallic additive. Since most

common explosives used as fills in conventional weapons fall into this

category, this limitation is not considered restrictive to the general

use of this computer program. Also this improved method should.yield

conservative results because optimum mixing and the most efficient

chemical reactions are assumed.

Comparison with Experimental Data. Attention is now directed to the

adequacy of this improved method. In Figure 5.2 Weibull's TNT data

from reference (19) are plotted as indicated by circles. The computer

' code predictions are given as the solid curve. We note that the

agreement with the data is excellent, that the change in slope of the

predicted curve follows the general behavior of the data, an, that
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the data falls either on the curve or slightly below it which demon-
strates the conservat'sm of the new method. From this compe-ison

alone, it is concluded that this technique is far superior to the

existing methods of calculating the confined-explosion gas pressure

for TNT.
Before assuming the generality of this improved method, it is

necessary to make comparisons with experimental data from different
explosive mixtures and different initial ambient air conditions. The

next most complete set of data is found in reference (21) for a
RDX/WAX, 89.5/10.5 mixture detonated in air at sea level conditions.

A plot of the data points (circles) from this study and the code

predictions (solid curve) are given in Figure 5.3. Again the excellent

agreement and the conservatism of the improved method predictions are

noted. Reference (21) also gives data for this same RDX/WAX mixture
for a reduced atmosphere (Pa = 1 psia). These data and the code

predictions are given in Figure 5.1., and the same excellent agreement
and conservatism are demonstrated.

Other assorted data for different explosives were found in
reference (21), and some aluminized explosive data were found in
reference (17)--all for sea level conditions. There was an insufficient

quantity of these data to construct curves, thus they are tabulated
in Table 5.1 along with calculated code predictions. The excellent

agreement is again noted, especially for the extremely high-pressure

PETN data and the aluminized RDX data. An interesting observation

can be made with the aluminized data. ks the percentage of aluminum

increases, the overprediction of the confined-explosion gas pressuure

tends to increase. But even for the unrealistic mixture containing

50% aluminum, there is only a 16% deviation. This increase is

believed due to the assumed optimum mixing and most efficient reaction

in the code. Evidently the aluminum is not able to utilize the

oxygen in the surrounding air to the maximum extent assumed in the

code calculation.

It is concluded from these comparisons that the improved method

for calculating the confined-explosion gas pressure is far superior

to any other known existing technique. Even with the ube of perhaps

a not-too-realistic rombustion type model and the liberal use cf
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equi7.ibrium perfect gas relations and properties for high-pressure
and temperature transient conditions, the improved method appears
to perform exceptionally well. From these comparisons the method
appears capable of handling mono, composite, and aluminized explosives
at sea level ambient conditions and reduced atmospheric ambient
conditions. Therefore with justifiable confidence, this improved
method is used as the basis for confined-explosion gas p'essure

calculations in the computer program.
Although use of this computer program has been consistently

limited to C-H-N-O explosives with aluminum as the only possible
metallic additive, there is no theoretical reason why it cannot be
adjusted to ps'iform well with other metallic additives or non-C-H-N-O
explosives. This limitation arises only because there exists no
experimental data on confined-explosion gas pressure for these
different explosives that will permit the establishment of a set of
reaction priorities similar to those for C-H-N-O explosives.
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TABLE 5.1
MISCELLANEOUS CONFINED-EXPLOSION

GAS PRESSURE DATA

CALCULATED EXPERIMENTAL
TYPE OF WNv OVERPRESSURE OVERPRESSURE DEVIATION

EXPLOSIVE (LB/FT 3) (PSI) (PSI) N

RDX/TNT
60/40 0.00221 22.0 19.9 +10
60/40 0.00442 41.0 38.3 + 7

PETN 0.182 711 725 -2
PETN 0.304 1089 1110 -2
PETN 0.405 1405 1400 + a

RDX/AL/WAX
98/0/2 0.00171 15.3 15.6 -2
.76/22/2 0.00171 22.0 21.3 + 3
63/35/2 0.0171 26.6 24.3 + 9
48/50/2 0.00171 303 26.0 +16

DATA FROM RIFS. 17 AND 21

47

C



NOLTR 72-231

CHAPTER 6

VENTING CALCULATIONS

Yentin. Inherent in the preceding section was the assumption of a

completely closed structure, i.e., no venting occurs before the

maximum value of the confined-explosion gas pressure is established.

Therefore, at the onset of venting the initial conditions of the

confined-explosion gas pressure are known from previous calculations;

Pf (gas pressure in absolute units), Tf (temperature), n (total

number of moles of gas), C (average specific heat of gas at Tf),

and V0 (volume of gas). A combination of n, Vo, and the molecular

weights of the gas mixture components yields the initial density,pf,

of the gas mixture. Gamma, y, (the ratio of specific heats), is

found with the known value of C from the perfect gas relation

y = Cp/C v = C p/(R0 - C ) (6.1)

From code input information, the constant backpressure, Pb' against

which venting occurs and the initial vent area, Ao, are given.

The relations governing the venting process have been derived

in reference (22) for steady isentropic flow through a perfect nozzle.

In this reference, ywas taken to be 1.4 which permitted the relations

to be expressed in closed form. However, since y in this computer

program is not 1.4 and is not constant, the differential form of these

governing equations are taken from reference (22). (There is a typo-

graphical error in equation (15) of reference (22)--(y - 1) in the

denominator should be (y + 1).) These governing equations are:

for sonic flow

API 3 ( /yo1/2 Ao1- 1g Y (Po YP 2)( ] At (6.2)

110P1 2y
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for P 1 > y

for subsonic flow 1/2

p1
I/  [ 3 ( o)( Pb 2 ) J At (6.3)

, -P 7)I=A

P b

for Pb < P <

Throughout the venting process, these isentropic relations are

assumed
Ti To (P 1/Po0)(Y-1)/y 64

S o (P/Po )1/Y (6.5)

The terms are defined as follows

AP, = (Po - P1) - arbitrary pressure step increment

PO = pressure at beginning of increment step

P1 = pressure at end of increment step

Pb = ambient backpressure (constant throughout venting)

g = acceleration due to gravity

y = specific heat ratio given by equation (6.1) (based

on T and assumed constant during increment step)

P0 = density at beginning of increment step

P1 = density at end of increment step

T = temperature at beginning of increment step
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T = temperature at end of increment step

Vo = volume of structure (constant)

A = vent area (constant)

At = time increment (parameter to be determined)

Even though the relations are derived for steady flow, it is assumed

that they are applicable to the venting problem because the pressure

step used in the numerical solution of these equations is sufficiently

small that gas mixture properties can be considered constant during a

*single incremental step.

It is assumed in the venting process that the composition of the

gas mixture remains constant, i.e., no single component of the gas

mixture is vented preferentially. The pressure increment step used

in the computer program is defined as

AP1 = (Pf - P b)/100 (6.6)

i.-., there are 100 pressure increment steps. Even though the computer
performs 100 steps in this calculation, only every tenth step is printed

as output. The printout can be increased to up to every other step if
desired. During the venting process as the gas density is decreasing,

the computer keeps a running account of the quantities of each component
of the gas mixture remaining in the compartment structure. The need

for this procedure will become apparent in subsequent sections.
The following discussion is a description of a typical venting

calculation. (1) Starting values of Pop pop Top y, Aoy Vol and Pb are

known. (2) From the pressure increment step, P1 is calculated and

used to determine if flow is sonic or subsonic. (3) With the proper

equation (6.2) or (6.3) chosen, the time increment At is determined,

and from t= to + At the absolute time from beginning of venting

associated with P1 is found. (4) From equations (6.4) and (6.5) the

temperature and density at the end of the increment step are determined.

(5) From the density the number of moles of gas mixture components

remaining in the uompartment are found. (6) From the temperature, a

new average C is calculated from which a new y is determined.
p

(7) Values at the end of this increment step, PI' Tl' Pl. and new y,
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become the beginning values P0 ' To, po and y for the next step.

(8) The above procedures form a loop that continues until the 99th

increment step is completed which is the step immediately before

P = Pb" The program is stopped here because equation (6.3) cannot

be solved for P =P

Vent Area and Volume Changes. The orderly procedure given above can

be readily interrupted to accommodate vent area and volume changes

in accordance with input failure criteria controlling damage propaga-
tion. By constantly monitoring the pressure-time history of the
venting process, the computer can easily adjust to changes from input

of the type presented in Figure 3.1. For a given pressure or time,

an adjustment in vent area can be made simply by changing the value

A in equations (6.2) and (6.3). However, a volume change requires
0

not only the change of V in equations (6.2) and (6.3) but also an
0adjustment in the gas mixture pressure because the volume has changed.

Upon wall failure in the initial compartment, it is assumed that
the gas mixture in the initial compartment instantaneously mixes and

comes to equilibrium with the air in the newly available compartment.

The conservation of energy states for this process that the sum of

the internal energy of the gas mixture immediately prior to wall

failure and the internal energy of the air contained in the adjacent

compartment is equal to the internal energy of the new gas mixture

after the mixing process. (No further chemical reaction is assumed to

occur.) In equation form, this concept is stated as

PIV0 PaVa P2 (V0 + Va) (6.7)

71-7) + y - 0wa 1) =

where Pl = pressure of gas mixture immediately prior to wall failure

0 = gamma of gas mixture immediately prior to wall failure
Vo = volume of gas mixture immediately prior to wall failure

Pa = ambient pressure of air in adjacent compartment

Va = volume of air in adjacent compartment

Ia = gamma of air (taken to be 1.4)
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P2 = pressure of new gas mixture

Y2 = gamma of new gas mixture

Unfortunately there are two unknowns in equation (6.7), P2 and 2

(Y2 is unknown because the gas composition and temperature have

changed.)

By keeping a running account of the amounts of the components

of the gas mixture before wall failure and by calculating the amount

of oxygen and nitrogen in the air in the new compartment, the computer

calculates the composition of the new gas mixture and finds the total

number of moles of the new gas mixture, n2. Since the new volume

(Vo + Va ) is known, the new density, P2 1 is calculated. The perfect

gas law

P2 = (n2ROT 2)/(Vo + Va) (6.8)

gives a second relation but introduces the third variable, T2 . From

the programmed C equations as a function of temperature for the gas
p

components, the computer is capable of generating a third relation

from the known quantities of the gas components in the new mixture

Y2 Y2(T 2) (based on equation (6.1)) (6.9)

The numerical iteration solution of equations (6.7)--(6.9) gives the

values of P2 s T2, and y2 " Since p2, n2 . and the new gas mixture

components are known, all of these values become the beginning

parameters for the next increment step in the venting calculation

method. Subsequent wall failures controlled by input damage criteria

are treated in this same manner.

Verification. There are no experimental data available to verify

this entire venting process including vent area and volume changes.

There are only limited data applicable to the venting process without

area and volume changes. These are given in reference (22) from which

the venting equations were taken. Here venting of the confined-

explosion gas pressure from a test facility at NOL was measured.

Venting gases escaped the test chamber of the facility through a
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'IS" shaped labyrinth passageway out either a partially open door
(small vent area) or an open door (medium vent area). Agreement

between equation predictions and experimental data was very good

for the small vent area where flow in the passageway was probably

sufficiently slow not to induce any type of flow losses. Agreement

for the medium vent area, which was about seven times greater than

the small vent area, was only fair with the equations underpredicting

vent times by 20 to 30%. It is believed that the seven-fold increase

in vent area produced relatively high flow velocities in the passage-

way from which significant losses slowed the venting process.

In reference (22) caution is expressed in using these venting

relations for large vent areas. However, it ias been learned that

limited unpublished data from the Naval Ship Research and Development

Center (NSRDC) on venting explosion gases through large openings agree
very well with predictions from the venting equations. Therefore,
with only limited confirmation of the venting procedure, this method

is employed in the computer code for predicting the pressure-time

history of the confined gas mixture.

Limitations. The venting section of the computer code has not been

verified experimentally to any significant degree. Thus experimental

evidence in this area is needed to assign a confidence level to this

section equivalent to that of the shock and confined-explosion gas

pressure sections. Four assumptions are made in this section that

need additional study. First, heat losses to the surrounding walls are

neglected as a significant mechanism to reduce the gas mixture pressure.

Second, a constant backpressure against which venting must occur is

assumed. Third, gas mixing and the establishment of pressure equilib-

rium occur instantaneously with compartment wall failure. Fourth,

no chemical reactions occur with the air in the adjacent compartments

after wall failures. In terms of the small compartments in aircraft

wings and significant venting to the atmosphere, none of these

assumptions are believed to be restrictive for aircraft applications.

However, for large explosions and large structures such as ship

Information received from J. W. Sykes (NSRDC).
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compartments or building rooms, they may indeed be restrictive and
may require additional study and modification. The code is ccnstruzted
in a manner such that modifications in these areas can be easily
accommodated.
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CHAPTER 7

USER'S GUIDE

Computer Requirements. The computer program is written in FORTRAN

for a CDC 6400 computer, and it should work without change on other
CDC machines. The program is straightforward and can be adapted

easily to other computers. The major change that may have to be made
is the spreading out onto individual cards of the statements that

are now placed on a single card and separated by the $ sign. Storage
zequires less than 32,000 core memory words, the compilation time

is about 15 seconds, and the run time for a single case is about
1 se,'ond on the CDC 6400.

krogram Structure. A complete flow diagram of the computer program
is given in Appendix A. Detail descriptions of the input cards and
format are given in Appendix B. A complete list of the program

variables with their definitions are given in Appendix C. The code
consists of the main program BLAST and six subroutines. The functilns

of these sections are as follows:

BLAST: reads input data; does venting calculation; does

final portion of the shock wave calculation
MIX: supplies new conditions (pressure, volume, temperature,

gamma) after the gases of two compartments are mixed.
HEDATA: contains tables of properties of explosive components

and mixtures.

GAMMA: supplies average specific heat ratio and internal

energy for a gas of given composition and temperature.
GASES: supplies initial conditions in the compartment immediately

after the explosion occurs and the confined-explosion

gas pressure is developed.
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TNT: supplies pressure, distance, arrival time, and other data

for a spherical 1-lb TNT free-field explosion at sea

level.
ARDC: gives standard-atmosphere pressure and temperature for a

desired atltitude.

A complete listing of the entire program is given in Appendix D.

Printed Warnings in Output. During the running of a problem with

this computer program, printed diagnostic or warning statements may

appear in the output to alert the user. These are:

(1) "WFACT NOT KNOWN, 1.0 IS USED."

This means that no energy equivalent weight has been supplied

for the shock wave calculation with the desired explosive. The

program assumes a value of 1.0, thus results are equal to those

of TNT.

(2) "CHARGE SHAPE CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF

EXPERIMENTAL DATA."

The cylindrical charge equivalent weight depends on the peak

shock pressure level. Above 100 psi, no experimental data were

available for correlation and theoretical techniques were used.

The warning statement is printed to inuicate that shock data

for the particular case under study are approximations.

(3) "CASE WEIGHT CORRECTION IS CRUDE. PSI EXCEEDS RANGE OF

1'Xi FI IMENITAL DATA."
'y' method for calculating the casing equivalent weight was

b-de'-! on pressure data for 100 psi and below. The warning state-

is printed to indicate that shock data for the particular

-ase under study are approximations because the peak overpressure

exceeds 100 psi.

(4) "CAUTIOn;--CONTACT SURFACE HAS ARRIVED. DATA ARE CRUDE

BEYOND T(MSEC) AFTER SHOCK ARRIVAL u."

This warning statement appears during the shock calculations

if the contact surface reaches the desired distance being

investigated. It indicates that, after the indicated tim . the

shock data are approximations.
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Changes to the Program. There are several items in the computer

program that probably will be frequently changed by the user

depending upon the problem under consideration. They involve the

addition of new explosives to the data table in the program and

changes in the amount of printout for the shock and venting calculations

If a new explosive not in the data bank is frequently used, the user

may wish to add it permanently to the subroutine HEDATA. There is

room for 11 new explosives in this table. Beginning with index

number 30 (card HEDA0675), four data cards using the format for
the existing explosives can be inserted to input the new explosive.

The amount of printout desired for shock and venting calculations

may vary with the area of interest for a particular problem. This

is easily changed by varying KMAX1 for shock calculations or KMAX2 for

venting calculations on card BLAS0560. The shock wave calculation is

done in KMAX1 steps in time, equally spaced within the positive duration

of the overpressure. The built-in value of KMAX1 is 10. If more

printout is desired, change KMAXl to 20 or 40. If more than 40 lines

are desired, the dimensions of PSI(40), Tl(40), T2(40), and PSIREF(40)

must be increased. Values of KMAX1 below 10 are not recommended

because the numerical integration to obtain impulse is controlled by

the number of these steps.

The venting calculations are performed in 100 fixed integration

steps. However, only every KMAX2-th step is printed as output. The

built-in value of KMAX2 is 10, giving 10 lines of venting printout.

If more venting data is desired, KIAX2 can be changed to 5, 4, or 2.

ExamDle Problems. To demonstrate the use of the computer code with

its different options and features, nine sample problems have been

run. They are variatitis of the following base problem.

Consider an 8 ft3 compartment. A projectile has penetrated

the compartment forming an opening of 0.00545 ft2 area, The

projectile contains 0.0294 lb of explosive of composition 74%

RDX, 21% AL, and 5% WAX. It has a length to diameter ratio

of 2.7 and a case weight to charge weight ratio of 4.24.

Figure 7.1 shows the input cards for the nine problems that have

been solved. (Appendix B gives the description and format of input

data cards.) Examples 1-3 show the three ways to specify the explosive.
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Examples 5-7 show the three options specifying damage criteria for

wall failure in the venting calculations. Example 8 shows the

method of a shock wave calculation with several distances specified.

Examples 4 and 9 demonstrate problems at a9i altitude other than

sea level. Specific descriptions of each example are given in the

following paragraphs.

Example 1 involves only one input card. The explosive number

is 17, indicating the number of the desired explosive in the list of

subroutine HEDATA. At the end of the card, NOPT=l indicates that

only a venting calculation is desired; NV=0 indicates that the chamber

volume and vent area remain at their initial values throughout the

problem; and NR=O indicates that no distances are specified since

this is only a venting calculation. The results of this problem are

shown in Figure 7.2.

Example 2 involves two data cards. The first card is the same

as in Example 1 except that the explosive number is 0. This causes

the second card to be read in. This card gives the energy equivalent

weight = 1.30, the heat of formation = 29.36 cal/gm, and the weight

fractions of C, H, 0, N, and AL. The results are the same as for

Example 1 which are given in Figure 7.2.

Example 3 again involves two data cards. The first card has an

explosive number of -1. This causes the seccnd card to be read in.

This card gives the energy equivalent weight = 1.30 and the weight

fractions of the desired components from the explosive list in

HEDATA: 74% number 27 (RDX), 21% number 25 (AL), and 5% number 26 (WAX).

Again, the results are the same as those of Example 1 which are given

in Figure 7.2.

Example 4 is the same as Example 1 except that the compartment is

at altitude rather than at sea level. The ambient pressure is 6.76

psia and the temperature is -24.60C. The results of this calculation

are shown in Figure 7.3.

Example 5 returns to sea level but the compartment volume is

allowed to change. NV=I means that one card of volume and area

change data is to be read. This card contains the following data; if

the confined-explosion gas pressure in the tank exceeds 30 psia, the

volume increases by 4 ft3 and the vent area increases 0.00545 ft2.
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The ambient pressure and temperature of the air in this additional

volume and vent area are added only if the confined-explosion gas

pressure exceeds the 45-psia level. The results are shown in

Figure 7.4.

Example 6 has two cards of volume and area change data. The

last number on these cards is 2 which indicates that the changes

of volume and area are to be made at the indicated times of 0.15 and

0.60 sec. No tests are made on the pressure, so that the changes are

made at the indicated times regardless of the pressure. The results

are shown in Figure 7.5.
Example 7 has three cards of volume and area data. The last

number on these cards is 3 which indicates that if the pressure

exceeds the indicated value when the indicated time is reached, then

the volume and area change is made. For example, if the pressure in
32the tank exceeds 45 psia at 0.15 sec, 4 ft of volume and 0.00545 ft2

of vent area are added. The results are shown in Figure 7.6.

Example 8 is a shock wave calculation only, indicated by NOPT=2.

NV=O since no venting parameters are involved in a shock wave calcu-

lation, and NR=3 since three distances are desired. The second card

contains these three distances: 0.667, 1.000, and 1.333 feet from

the center of the charge. The results for the single distance of 0.667

are shown in Figure 7.7.

Example 9 is the same as Example 8 except that the compartment is

at altitude. The results are shown in Figure 7.8.

Explanation of Tynical Output. A typical example of the printout for

shock calculations is given in Figure 7.7 which are the results from

Example 8. The index number and properties of the explosive used in

the calculation appear at the beginning of the output. The two warning

statements concerning the cylindrical charge equivalent weight and

casing equivalent weight are noted. Under "SHOCK WAVE CALCULATION",

*the left-hand column repeats all the input parameters governing the

shock problem. In the right-hand column, certain constants derived

by the computer for the calculation are given:

ADJUSTED WT(LB TNT)--equivalent TNT sphere from equation (4.10)

HE ENERGY FACTOR--energy equivalent weight, fe' from Table 3.1
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CHARGE WEIGHT FACTOR cylindrical charge equivalent weight,

f., from Figure 4.5
CASE WEIGHT FACTOR casing equivalent weight, fc from equation

(4.8) or (4.9)
PRESSURE SCALE FACTOR (Ps/Pa) for equations (4.2)--(4.5)

DISTANCE SCALE FACTOR (W /Wa) 1/3 for equations

(4.2)--(4.5)
TIME SCALE FACTOR (Ws/Wa)I/3 (Pa/Ps)I/3 (Ta/Ts)I/2 for

equations (4.2)--(4.5)
NORMAL REFL FACTOR normal reflection factor, fR' from

equations (4.11)--(4.13)

The tabulated pressure-time shock data is noted for the desired
distance of 0.667 ft. Both the incident and normally reflected
overoressures are given as functions of time where time is measured
from the instant of detonation and shock arrival. For example, the
shock arrives at the distance 0.667 ft in 0.07118 msec; the peak
incident overpressure is 317.6 psi and the reflected overpressure is
2144 psi; and the positive phase of the shock is completed 0.192 msec
after detonation or 0.1209 msec after shock arrival. Next the impulses
for the incident and reflected waves are given. Lastly, the warning
statement concerning the contact surface appears which states that
0.02787 msec after tne snock arrives, the pressure-time data are
approximations.

Figure 7.6 gives printout results for Example 7 on the confined-
* explosion gas pressure venting and subsequent changes due to structural

failures. At the beginning of the output are the index number and

properties of the explosive used in the calculation. Under "VENTING
CALCULATION" a repeat of input parameters is given; under "BEGIN
VENTING CALCULATION" the input failure criteria table is repeated.
Under "PROPERTIES OF GASES" the output describes the condition of
the confined-explosion gas in the initial compartment volume before
any venting has occurred. The first statement indicates that
oxidation was complete, i.e., sufficient oxygen was available to
make H2 0, AL203 , and only CO2 . Had there been insufficient oxygen

for complete oxidation, the output would have indicated the name
and quantity of the last product formed. For example, if all H-H 2 0
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and AL o AL203 but there was insufficient oxygen to completely react

with all the C to form CO, the computer would print "PERCENT LAST

PRODUCT (CO) = (fraction of carbon used)". Next, the computer prints

the maximum temperature of the confined-explosion gas, the energy

released in the chemical reaction that creates the confined-explosion

gas pressure, the specific heat ratio, y, and the maximum value of the

confined-explosion gas pressure expressed as an overpressure.

Under "BEGIN VENTING OF GASES" the gas pressure-time data are

tabulated along with the amount of gas in the confining volume (GASES),

the temperature of the gas (TEMP), the specific heat ratio (GANMA),

and an index (NEQN). If this index is 1 then the flow velocity is

sonic; if 2, flow velocity is subsonic. The beginning time is zero

for this calculation which is set arbitrarily after the dissipation

of the shock wave, and the overpressure is maximum at 45.9 psi.

Adjustments made with compartment failures and continued venting are

noted. For example, at t=0.15 sec the gas overpressure is 36.5 psi

which is above 45 psia and the wall fails. A new pressure of 36.75 psia

or 22 psi overpressure is calculated for the new volume of 12 ft3 , and

venting continues through the new area of 0.0109 ft2 until t=0.6 sec
when another failure occurs. The code readjusts the pressure to
accommodate the new volume and venting continues until the overpressure

is essentially zero at t=0.9 sec.
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0

EXAMP I I I I I

90294 17 2.7 4.24 8. 545-3 14.7 20. 0o 14.7 20. 1 0 0

EXAMPLE 2
*0294 0 2.7 4.24 8. 545-3 14.7 20. O. 14.7 20. 1 0 0

1030 29.36 9163 *027 *260 *320 *210

EXAMPLE 3
*0294 -1 2.7 4s24 So 545-3 14.7 20. 0. 1407 20. 1 0 0

1*30 27 .74 25 .21 26 .05

EXAMPLE 4
0294 17 2.7 4.24 6. $45-3 6,76-24.6 O 6.76-24.6 1 0 0

EXAMPLES5
.0294 17 2.7 4.24 6. 545-3 14.7 20. 0O 14.7 20. 1 1 0

300 0. 4. .545-2 14.7 20. 1

EXAMPLE 6
.0294 17 2.7 4.24 So 55-3 14.7 20. O 14.7 20. 1 2 0

0. *is 4. ,545-2 14.7 20. 2
as .60 4o .49-2 14.7 20o 2

EXAMPLE 7
.0294 17 2.7 4.24 6. 545-3 14.7 20* 0* 14*7 20. 1 3 0

45. .15 4. 9545-2 1407 20. 3
20o *6 4e .545-2 14.7 20. 3
190 .8 4. 0 14.7 20. 3

EXAMPLE 8
*0294 17 2.7 4.24 So 545-3 14.7 20o 0. 1407 20. 2 0 3

0667 1.0 1.333

EXAMPLE 9
.0294 17 2.7 4.24 6. 549-3 6.76-24.6 O 6.76-24.6 2 0 3

.667 1.0 1.333

FIG. 7.1 INPUT CARDS FOR NINE EXAMPLE PROBLEMS
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INTERNAL BLAST MAMAGE MECHANISMS PROGRA~e MAP 1972

RPX/AL/WAX. 74/21/5

EXPLOSIVE PRCP[RTIES
NUMBER COWT EFORM EXPLOSIVE COMPOSITION BY WEIGHT

KCAL/G C A N 0 AL

17 1,300 e029360 ,163 s027 .280 ,320 ,210

VENTINO CALCULATION

CHAPRO WEIGHT(LA) a *2940E-01
INT VOLUME(CU FT) v 8.000
INIT VENT ARFA(S FT) a ,5450E-02
AMBIENT PRESSURE(PSIA)m 14.70
AMBIENT TEMP(C) a 20.00
CHAMRER PRESSURE(PSIA)u 14.70
CHAMBER TENP(C) a 20,00
NOPTs I NVm 0

BEGIN VENTING CALCULATION

PROPERTIES OF GASES--
OXIDATION COMPLETE
TEMPERATURE# OEGREES F w 1653.2

ENERGY RELEASE(KCAL/G) a 3,#$73
SPECIFIC HEAT RATIO a 1.3141
GAS OIVERPRESSURE(PSI) a 45945

BEGIN VENTING OF GASES
OVERPRIPSI) TIMEISEC) GASES(LB) TEHP(R) GAMMA NEON

45.94 0. .6167 2113. 193141
41.35 *6936E-01 .580g 2074, 1.315 1
36076 .14 3 o5443 2032. 1.3167 1

32.6 2293 oS070 186 1*3181 1P7.57 .3229 .4689 1937. 1,3197 1

22.9? .4285 04297 1884. 1,3214 1
18.38 .5496 .3895 182S 1.3235 1
13.78 .6911 .3479 1759. 1.3259 1
12.47 .7360 .3358 1739. 1.3267 1
?.8s0 .9175 ,2921 16610 1.329A 2
3,286 10171 .2462 ISo 1,333A 2
.6943Eo01 1.690 .2125 1494. 1,3380 2

FIG. 7.2 OUTPUT RESULTS FOR EXAMPLES 1, 2, AND 3
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INTENAL 9LA4T DAMAGE MCHANISMS PROGRAM# MAR 1978
ROX/ALIWAXO 74,4211S

MUMMER EOWT EFO*" EXPLOSIVE COMPOSITION mY wKloNy
KCAL-4S C 4 N 0 AL

1? 1.300 *029360 .163 *02? .110 .310 *10

*ENN CALCULATION

PROP9 ERTSOTL@ GASES..0

SPECIFIC METU RATIO a 89269

*A OVEPRESSUIIPSI)I a 41.90

WON VENTING O ASELAIO

POERTIS OF TIMESEC GSSLS EPR GMAN

SPECIFI HE .RATIO a10 1#1693

34AS .1420SUCISI .191 95 121

4S091 .391 o3106 11. 19293

Sa& 7031 .3196 3040. 142975 1
34.33 .1720 .093 too$* 1.2993 1
30103 .290 9876 2362. 1.022 I

1.111321 .:61 2131. 1.239 1

1,3506 1.524 .G499c*01 1052. 1.3104 2
-66469-@1 1.96 .?4s1eft@1 1970. 1.313? a

FIG. 7.3 OUTPUT RESULTS FOR EXAMPLE 4
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INTERNAL BLAST DAMAGE MCHANISMS PROGRAM. MAR 1972

EXPLOSIVE PRCPERTIES

NUMPER EOwY EFORM EXPLOSIVE COMPOSITON BY WEIGHT

K CAL/O C 14 N 0 ALI.1* 1.300 90?9360 0163 .027 .240 .320 .210
VENTING CALCLLATION

CHARGE WEIGST (LB) a #2940E.01
INI? VOLUME(CU FT) a 80000
INIT VENT ARFA (SQ FTI) a o54S0E.02
AMBIENT PREssuREFPSIA)a 14.70
AMATFNT TEMP(C) a 20000
CHAMMER PPRESSUPEcPSIA)a 14.70
C14AMBER TEMP(C) a 20.000
MOPts NV. 1

WO~N VENTING CALCUL.ATION

TABLE OF VOLUME AND VENT AREA CHANGES
PIPSIA) T(SEC) 44CU FT) A(SO FT) PAMR(PSIAi *AMBiC) NOPTV
30.00 0. 4.000 o5450E-02 14.70 20.60

PROPERTIES Ow GASESwa
OXInATIAN COMPLETE
TEMPERATURE, flEnREES F a 1653.2
ENERGY RELEASECKCALIG) a 3.6573
SPECIFIC HEAT RATIO a 1.0141
WA OVEPPRESiune(PStI a 45,94S

FAILURE LEVEL IN TABLE EXCEEDED.
VOLUME jNCREASF.(CU FT)w 4.000
NEW TOT VOL (CU FT) a 12000
NEW TOT AREA (So FT) a 01090ES01
NEW PRESSURE(PSIA) a 4306b
NEW GAMMA a 1.338

WO~N VFNTINI OF GASES
OVERPRIPSI) TIME(SEC) OASESILB) TEMPIR) GAMMA NEON

V8036 0. *9162 1500. 193377
25.52 OS174E-O1 .6708 14750 1.3409 1
P2.69 .1077 .6246 1447. 1.3404 1
i9.65 *16'*6 177?6 1419. 1,3439 1
1701?3S3 .7296 1388, 1,3456 1

16018 .3090 .6806 1355. 1*3475 1
12.67 .3515 .6s41 1336. 1.34ag I

.it~i 4394 .60o32 1299. 1,3509 2
70000 .5419 .5508 1254. 1,.IS31 p
40164 .6696 .4967 1212. 1,3565 2
1.329 .8619 .4406 1161. 114601 2
.1943 1.037 .4175 1139. 1.3622 2

FIG. 7.4 OUTPUT RESULTS FOR EXAMPLE 5
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INTPRNAL NLAIT DAMAGE MECHANISMS PROGRAM. MAR 1973
ROX/ALiWAX* 74t2tig

EXPLOSIVE PACPERTIES
NW4REN fOW? EfORN EXPLOSIVE COMPOSITION BV WEI1GHT

1?220KCAL/O C H N 0 AL
1 .1930 .096 163 *027 .360 e328 .316

VENTING CALCULATION

p06111 WFlSH? (LRP * 2940E-02
INI# VOLUMEICU fTP $01o
tMIT VENT A*EAISQ fTP 09.4501.0?
AMBIENT PRESIURE(PSIAPS 24.70
AMBIENT TEMPICI a 30000
ONAMNER PRESSUREIPSIA~m 14.70
CWAHE* tEMPfCP w 30000

NP.INV.

3(6114 VENTING CALCULATION

TABLE OF VOLUME AND VENT AREA CI4ANGES
PIPStAl TtsEcj VICU FTI Also FTi PAMSIPSIA) TAMEICP NOPITY

0.1.500 4.606 O54501.02 14.76 36.00 a
0. .6000 40,0 OS4101.02 14.76 l6.6e I

PROPERTIES Of GASES-
OXIDATION COVPLF.TE
TEMPERATURE. DEGREES F a 16523
ENERGY RELEKOCALMO a 2.G572
SPECIFIC NEAT RATIO a 1.2141

GAS OVERPRISIURE0PSIP a 45.945F, 666*14 VENTING of GASES
OVERPRIPSIP YIMEISECI GASESILBS TEMPIN$ GAMMA MEo"

41.94 0. 0616? 3112. 1.314i
41.25 .69261.01 *Slog 2064 1.2155 1
26.76 .1413 .5643 262#. 1.3167 1
26.49 .1500 .5422 2039. 1.2169 1

TIME HAS REACHED TV( 1Pm .Is**

FAILURE LEVEL IN TABLE EXCEEOED.
VOLUME INCREASE(CU FTe 4.000
MEW TOT VOL ICU FT) a 12000
MEV TO? AREA 434 FYP 'a .10909.01
MEW PRESSURE PS1AP a 340S5
MEW GAMMA a 1.243

?less .1500 "8427 1406. 1.343i -1
19.0 As 1984 '4029 1276. 1,3464 1
11. 64 .2504 '76S4 1251. 1,2476 t
19,." 3066 '7264 1220. 1,249P I
13432 3674 *6966 1204. 1.2500 1
2.69 .2831 '6768 1396. 1.2512 1
10699 '4512 '6361 1370. 1.Mm2 a
R,23 923 '394S 1340. 1.2550 2
*6,428 .6000 SSG?7 1213. 1,3576 2

TIME HAS REACHED TV( 21m 6000

FAILURE LEVEL IN TABLE EXCEEDED.
VOLUME INCREOSE (CU FTP 4.000
MEW TOT VOL (CU FT) a 1000
MEW TOT AREA (SO FTP a 0163S1.01
NEW RREssuqE(psIAP a 17.06
MEW $A"MA a 1.296

P*25R .6000 08982 46.9? 1.3064 a
26.2 .6170 '8496 645.4 1.2660 1
1,666 .6351 '6410 642.1 1.2663 2
1061 .6543 63264 626.7 1.2665 p
1 041S *?SO 8237? 825.3 1,30R1 P

!179 .6976 @6252 831,9 1.2692 t
943i '7226 4R063 020,4 1.3894 2

.77 7511 '7974 924's 103497 3
.4714 .7650 ?m06 621.3 1,3906 t
3956 '4296 *7799 617. 1.2903 P

.31149.01 '9064 .7719 014.4 1.2906 1

FIG. 7.5 OUTPUT RESULTS FOR EXAMPLE 6
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INTFANAI PLMY; 041AGF~ MF.C14ANTIMS PROGRAM, M4AR 1972-
ROXIALIWAXt 74/P?1'

EXPLOSIVE PRCPrRYlES
NUMPrR FIWT rrosiv FEPLO9IVf CGMPOIION RY WEIGHT

KCAL/G C I) N 0 AL
17 1.300 .02016An .143 .027 s240 s120 .210

VENTING CALCLLATION

CHANGE WEIOTON? I q *2940E.@1
INIT VnLUME ((U F?) a 8.000
tN!? VENT AFA~qQ FTI a .5454E.02
AMBIENT PRESSUREIPSIAls 14.70
AMRIFNT TEMPIC) a 10.00
CHAMPR PRES4URFgP5IA*): .7

NOPR?. NVO 3

OKOIN VFNTINA CALCt.LOTION

?&PLC1 Of VOLLMDE &NO VENT AREA COANOFS
PIRSIA) TESEC) V(CLJ FT) &ISO F?) PAMSIPSIAI TANSEC) NOPTV

45.00 .1300 4.000 *%450E-02 14.06 20.00 3
V0.08 .6000 4.000 OS450E-0Z 14.70 20000 3
19.00 .4000 4.000o 0. 14.70 20.0O 3

PROPERT IES OF OASES-
CEInATION CO&PLETC
TEMPERATURE. DEGREES F a 1653.2
ENERGY CELFAQEENCAL/0) a 3..4573
sPEiric mEAT RATIO a1.3141
GAS OVEPPRESSURE (PSI) a 4S.945

O~RP(PtITICIEC GAIESIL81 TEMPINR) 44000A NEON

TIME WAS REACHED TV( Ila .15100

FAILWIE LEVEL IN 7*81.1 EXCEEDED*
VOLOIME INCREASECCU FTI. 40000
MN TOT VOL. (Ctf FT) w 12.00

*NEb TOT AREA (5') WTI a 01090t.01
NEW PRESSUREIPSIA) a 36.75

NWfAMA a 1.343
P2.05 *1SOo 08417 1400. 1.0430 1

19,gi '984 .439 1370. 1,344
!94 .3066 .7264 133o. 1.349P I

13*23 .3674 68.400. 1.S0
12.09 *3831 .6768 1294. 1.3513 1
20.49 .4S22 A4361 1270. 1.3S3n p
0.28,4 *173 05945 1240. 1.3550 2
4.424 0000 osse? 1212. 1.357ft P

TIME MA~t REACHED TVI 2)6 .4000

FAILURE LEVEL IN TABLE EXCEEDED.
VOLUIME INCREASF.ICU Me) 4.000
NEW TOT V'OL ICU FYI a 16.00
MEW TOT AREA (S4 F?) a .16351-01
NEW PRFSSUREf~iIAI a 17.00
NEW @A""& a 1.386

P.354 .6000 .4502 40?~ 1.3864 2
*.ip? .6170 .4496 845,4 1.3080 2
1.004 .03S1 .4410 042.1 1.3443 2
1.451 .AS43 .8324 030.7 1.38AS 2
i .4in .4750 0237 415.3 14AR p

*1.179 6E976 .Rlil 632.9l 1.1"I p
.9431 .7226 P4A3 4060.4 1.IR94 p
.7074 .7521 .7970 A24,9 1.3497 p
.4714 .?$so '7880 81.3 1.190A p

.6 7791 617,7 210
.23541-01 *90m4 .7719 424.4 1.3904 p

FIG . 7.6 OUTPUT RESULTS FOR EXAMPLE 7
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INTERNAL BLAST DAMAGE MECHANISMS PROGRAM, MAR 1972

EXPLOSIVE PRCPERTIES
NUMBER EQWT EFORM EXPLOSIVE COMPOSITION BY WEIGHT

KCAL/G C H N 0 AL
17 1,300 e029360 .163 *027 .280 9320 .210

CHARGE SHAPE CORRECTION IS CRUDE* PSI EXCEEDS
RANGE OF EXPERIMENTAL DATA.
CASE WEIGHT CORRECTION IS CRUDE. PSI EXCEEDS
RANGE OF EXPERIMENTAL DATA.

SHOCK WAVE CALCULATION

INPUT PARAMETERS CHARGE WEIGHT ADJUSTMENTS
CHARGE WEIGHT(LB) a ,2940E-01 ADJUSTEU WT(LB TNT) a o6318[E01
EXPLOSIVE NUMBER a 17 HE ENERGY FACTOR a 1.300
LiD RATIO a 2.700 CHARGE SHAPE FACTOR a 2.894
CASE/CHARGE wT RATIO a 4.240 CASE WEIGHT FACTOR x *5711
CHAMBER PRESSURE(PSIA)u 14.70 PRESSURE SCALE FACTOR= .9997
CHAMBER TEMP(C) a 20.00 DISTANCE SCALE FACTOR= 2.511ALTITUDE (KFT) a O, TIME SCALE FACTOR a 2489

NORMAL REFL FACTOR a 6.752

DESIRED DISTANCEIFT) a .6670
(CM) a 20.33

TIME AFTER TIME AFTER INCIDENT NORM REFL
EXPLOSION SNOCK ARR OVERPRLSS OVERPRESS
("SEC) (MSEC) (PSI) (PSI)
7.11BOE-02 0. 317.6 2164.
9,5353E-02 2,4173E-02 100.2 676.2
.1074 3.6259E-02 63.11 426.1
01195 4.8345E-02 40.98 276.?
.1316 6o0431E-02 26.81 111.0
,1437 ?*2518E-02 17.27 11606
.1S58 8.4604E-02 10.6* 71.84
.1679 9.6690E-02 5.914 39.93
.1800 '0o1 2*494 16.84
01920 .1209 09 Go

IMPULSE (PSIoMSEC)--
INCIDENT x 7,67S
REFLECTECS 51.82

CAUTION--CONTACT SURFACE HAS ARRIVED.
DATA ARE CRUDE BEYOND TiMSEC)'AFTER SHOCK ARRIVAL. 297874E-02

FIG. 7.7 OUTPUT RESULTS FOR EXAMPLE 8
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INTERNAL BLAST iJAMA" flEfteiISlS PNUGRAM, MAR 19?i

EXPLOSIVU PP.OIPEITIES
NUMBER LGwT EFOR14 EAIPL4JbIVE LOMIPOSIT1WM bY WEIGHT

lCAL/i 1. m N 0 AL
1? 1000 *02Y3bu 910' 9V 260o .320 .210

CHARGE SHAPE CORRLCTZO,# IS CRUUE9 PSI EXCELDS
RANGE Of EXEIMENTAL DATA.

CASE WEIC*HT CORRECTION 15 ZNUOL. PSI EXCEEUS
RANGE OP EXPEbR14ENTAL UAIA*

SHOCK WAVE CALCULATIO-4

INPUT PARAMETEP.S ChARGE WbJ91IT AOJUSTfrENTS
CHARGE kEl'HTILB) a *294tE-ol A0DJUSTEIi Wt(LO T iT) x *7406E-01
EXPLCSIVE HMREN a 17 HE ENLAOY iACTOR x .iuo
L/D RATIO a 2070u CHAR6E SMAE FACTOR a 3.394
CASEICHA96' WT PATIO x 4024U CASE WEIUHT FACTOR 4 .5711
CHAMBER FRESSURE(IPSIAIs be7bo PRESSUkE SCALE FACTO~u 2.174
CHAMBEk IEMP(C) x W24,bu UISTANCE SCALE FACTORS 1.638
ALUTUL (KFT) a 0. TIME SCALE"VACTOR a 14107

14ORMAL RF~L FACTOR a 70652

DESIRED DISTANCE(FT) a 9661U

(CfM) a 20,933

TIMlE AFTER TKI4F AF(e0 IfNCICDEIjT NORM4 RZF'L
EXPLOSICN SHOCK AR'4 OVLkPvt$S OVLRPIRtSS
(MSk.C) crISEC) (PSI) (PS5I$
5*8490E-UPOo 2i 7695 2-
S.5063E-u2 2.6573E-02 67019 bwo.7

9*0349L-o2 f;959-0 54.04 431*4
01249 6.6432E-02 43e34 103.2

o1382 7*9719E-u2 16.V'. 11641

IMPULSE (PST.MSEC)--
INCIOEIMT a .4
PEFLECTLD= 57.67

CAUTION.-CO',TACT SURFACE HAS A--kIVEO.
UiATA ARE CRUD'E t EYUNU T(M'SLC) AFVTER ShOCK ARRIVALs 1*5305E-02

FIG. 7.8 OUTPUT RESULTS FOR EXAMPLE 9
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APPENDIX A

FLOW CHART FOR COMPUTER CODE

The following pages of this appendix give the complete flow

chart for the computer program. It is broken into three logical

sections, input, shock wave calculations, and venting calculations.
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INPUT

START

570

Read input data

Sgivesa eivlntgeih
Raeuatio HECaandcueiti on ,H NA

indsrd xlsv

Print eight

SURUIEAD
Fid AMI



NOLTR 72-231

SHOCK-WAVE CALCULATION

Read list of desired

distances,R

Bgn R l oop-)

l~ischarge weight,
[WLA

Calc. RSCAL based

I LB TNT at sea level SUBROUTINE TNT
gives approx. A P based
on preliminary WLBA
value (AP is needed for

RLODthe charge shape

(/RAI)correction).

<2 0. p
>00.

Cae infnpt-cide

=1 Cai XSHAP = 

iforitcylinder

fTake smaller of
XSHAPE and

X S HA LPL as the
thape factor

A-3
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SHOCK-WAVE CALCULATION (CONT-D)

IMake case weigh~t correction
[Make carge shape correction

'IFind scaling factors for E100. PRINT WARNNG
reducing desired weight and
radius to I lb. TNT at SL

[Cac. Rfrf lcte impultse

fromive ncden impuls

I ~ ~~ o Scl reutsfom1l TNT/StLS

Ito desired yield and

[ Change impulse from
psi-sec to psi-mnsec

IZINT RESULTS

Return to R loop 570

570
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VENTING CALCULATION

FPRINT INPUT DATA

Set Va IT

P AiNT INIT AA

[Calc. mlso I

toIN venting loop

17905
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- VENTING CALCULATION (CONT-D)

Venting

Ft t At

0 NV

NV

vent-change time?

YYES

NfT(N

so-

>NV

!cN

1- N PT(N
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VENTING CALCULATION (CONT0D)

Reduce density due
to venting

Cale. new TEMP;
moles of each gas

2970

If P13a PC or P1 a PA,
set KOUNT a KMAX2 to
force printing

PRINT every KMAX2't
step

\KOUNT/

U R ad nextitia valuest
set of daa 1 raic.

step
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APPENDIX B

INPUT DATA CARDS

This appendix provides descriptions and explanations of all

of the information required on the input data cards for this program.

Formats of these cards are given, and the sample problem input cards

in Figure 7.1 can be used as guides.

B

* .'

B-i
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DESCRIPTION OF INPUT DATA CARDS

FIRST DATA CARD--FORMATtES*29 S 9ES*2, 315)
NOTE THAT THE THREE QUANTITIES INDICATED BY --*-- MAY CAUSE ADDITIONAL
CARDS TO BE READ IN.

WLB uWEIGHT OF EXPLOSIVE CHARGE (POUNDS).
*NUMSERIDENTIFICATION NUMBER OF DESIRED EXPLOSIVE IN LIST.

IF THE DESIRED EXPLOSIVE IS NOT IN THE LIST, EITHER
(1) USE THE NEAREST AVAILABLE ONIE IN THE LIST, OR
12) ADD THE NEW EXPLOSIVE TO THE LIST* OR
(3) READ IN THE DESIRED PROPERTIES AFTER THIS CARD.

RLOD *LENGTH/DIAMETER RATIO.
CASE sCASE WEIGHT/EXPLOSIVE WEIGHT RATIO.
VINIT zINITIAL VOLUME OF CHAMBER (.UbIC FEET).
AINIT wINITIAL VENT AREA (SQUARE FEET).
PAMS zAMBIENT PRESSURE INTO WHICH VENTING OCCURS (PSIA)e
TAMB AMABIENT TEMPERATURE INTO WHICH VENTING OCCURS (CENTIGRADE).
ALTKFTuALTITUDE (KILOFEET).

IF PAMB AND TAMB ARE BOTH GIVEN AS 0.. THE CORRECT VALUES WILL BE
FOUND BY THE PROGRAM FROM THE ARDC ATMOSPHEREe
ALTKFT IS IGNORED IF PAMS AND TAMB ARE NOT 04

PCHAM zINITIAL AMBIENT PRESSURE IN CHAMBER (PSIAl.
TCHAM uINITIAL AMBIENT TEMPERATURE IN CHAMBER (CI.

IF PCHAM AND TCHAM ARE 0.. THEY ARE ASSUMED TO EQUAL PAMB AND TAMBe
NOPT al DO VENTING CALC. x2 DO SHUCK P-T CALC.

*NV =NUMBER OF CARDS OF VENTING CHANGE DATA TO BE READ IN.
*NR *NUMBER OF RADII AT WHICH SHOCK P-T DATA ARE WANTED*

SECOND DATA CARD. OMIT THIS CARD IF NUMBER IS POSITIVE.
THIS CARD HAS TWO POSSIBLE FORMS DEPENDING ON WHETHER NUMBER IS 0 OR -1o

IF NUMBERxO, READ IN THE FOLLOWING EXPLOSIVE DATA FOR AN EXPLOSIVE
NOT APPEARING IN THE LIST IN SUBROUTINE HEDATA. FORMAT(7E7.2l

WFACT aBLAST EQUIVALENCE RELATIVE TO TNT (USUALLY ABOUT 1.0).
EFORM -ENERGY OF FORMATION OF THE EXPLOSIVE (CAL/GRAM).
WFC =WEIGHT FRACTION CARBON.
WFH =WEIGHT FRACTION HYDROGEN.
WFN =WEIGHT FRACTION NITROGEN.
WFO =WEIGHT FRACTION OXYGEN.
WFA xWEIGHT FRACTION ALUMINUM.

(NOTE THAT THESE ARE WEIGHT FRACTION, NOT WEIGHT PERCENT.,

IF NUMBERs-I READ IN THE FOLLOWING DATA FOR PREPARING A MIXTURE
OF THE COMPONENTS IN THE LIST IN SU6ROUTINE HEDATA. FORMAT(E7.,9(1I39F.31).

WFACT vBLAST EQUIVALENCE RELATIVE TO TNT (USUALLY ABOUT 1.O).
NUMHE IfliEXPLOSIVE NUMBER IN THE TABLES*
HEFRAC(1)=WEIGHT FRACTION OF THIS EXPLOSIVE.

INUMHE (2)=SAME FOR SECOND COMPONENT.
*HEFRAC(2)zSAME FOR SECOND COMPONENT.

CONTINUE FOR AS MANY AS 9 COMPONENTS.

5-2
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THIRD DATA CARD(S). OMIT IF NVzO. FORMAT(6E7*29I7)

THERE IS ONE CARD PER N. THERE ARE NV OF THESE CARDS.
THIS IS AN ARRAY OF VENT AREA AND VOLUME CHANGES.

PV(N) =PRESSURE AT WHICH A-V CHANGE IS TO OCCUR (PSIA). IF THE INITIAL
CHAMBER PRESSURE EXCEEDS PV(N)o A NEW CHAMBER IS ADDED.

TV(N) =TIME AT WHICH A-V CHANGE IS TO OCCUR (SEC)*
VV(N) KNEW VOLUME TO BE ADDED (CUBIC FEET).
AV(N) zNEW VENT AREA TO bE ADDED (SQUARE FEET).
PAV(N)=AMBIENT PRESSURE IN NEW VOLUME (PSIA).
TAV(N)=AMBIENT TEMPERATURE IN NEW VOLUME (C).
NOPTV(N)=CONTROLS USF OF VENT AREA AND VOLUME CHANGE TABLES.

a1 BREAK INTO NEW VOLUME IF INITIAL PRESSURE EXCEEDS PV(NI.
=2 BREAK INTO NEW VOLUME IF TIME TV(N) IS REACHED.
a3 BREAK INTO NEW VOLUME IF PRESSURE EXCEEDS PVCNI WHEN TIME

TV(N) IS REACHED.

FOURTH DATA CARD(S). OMIT IF NRzO. FORMAT (1DE7.2)
THERE ARE NR/1O OF THESE CARDS WITH 10 R VALUES PER CARD.
TOTAL OF NR ELEMENTS IN ARRAY.

R(I) =ARRAY Of DESIRED RADII AT WHICA SHOCK P-T DATA IS WANTED (FT).

B-
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APPENDIX C

DEFINITIONS 0, PROGRAM VARIABLES

A complete alphabetical listing of all program variables used

in this code is given in this appendix. Also a definition accompanies

each listed variable.

-.
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DEFINITIONS OF PROGRAM VARIABLES

A zCURRFNT VALUE CF VENJT APCA(SQ FT).
AINIT mINITIAL VENT :.R6A(SC FT).
AIRA^.!*Lrt PM OF AM! To' %x.LY ADE CwH%*Sr.Ro
AIX.:'C.L&L -*.CLEC? UF .1Q V, ALL ACTIVF CHA:*PERSe
ALTKFTzALTITUD(K1L,;FEE12. . T USLLu IF PA*hS, TANd ARE GIVEN.
AV(?I) -ARRAY 01 IILW VENT AREA$SQS FT~o
ALTIl ufLjPvTE-iIAL ALTITU.WIT1LRZ,;.
ALTZ -ALrITUDI.WILTERC) N MCAN SLA LLVELo
CASL sCASE WEiGHTA.-1A4.,: wi-1u4T RATIO*
DIFi -PREVTOUS 01FF7RFN~C fiTWFEN ? w'AYS TO CALC Po
DIF? *CUICE'IT DIFF70EC FETWEFN 2 '4AYS TO CALC Po
DPI xINTLGRATI:; 1:TLRVAL IN PRLSSUREEPSFI.
DO xENCRGY ADCDELWCAL) IN INTEGRATIUN STEP.
DT xINTEGRATI*N INTERVAL IN. FIM.JING TEMPERATURE.
DTEX"P zT:MPERA7URE.;) INT,0 VAL IN TP.G ITE ATIONe
DTIME13TI.ME INTER~VAL IN VE'IThi,4G IATCGRATION I(SEC)o
DUM zDUMIY VARIABLE IN SUBROU3TINE CALL.
00 aDENSITY(LB/Ci FT) AT 5TART OF VENITING STEP.
DI aDENSITY(LE/Ci FT) AT END OF VENTING STEP*
EF zARRAY OF HE ENERGY OF FOR,%AT IO*4 DATA (CAL/G).
EFOR4 sENEqGY *JF F:RqATIOi\ t.F OILSIREL) rXPLOSI EcKCAL/G).
EGUIVXxINTERAEjIATr GUAt4TITY IN CHiARGE ShiAPi CORRECTION.
EOUIV2XARRAY Or CYL-SPH LOUIVALL.L~ tACTQR!6.
EQ*T xEQUIVALzIqT 'A~lfHT RLI..RR;.u TU TN4T (FOk SHOCK CALCS).
FA xARRAY OF WEICHT FRACTION AL.
FC -ARRAY OF WEIT FRACTION C.
FH -ARRAY OF w":IGIT FR~ACTION. H.
FN mARRAY OF 'WEIGHT FRACTION N.
FO -ARRAY OF WEICHT FRACTION 0.
PLEFT sLOSS FRACTI0~ FOR Vt.N\TIi.(.!,.ASS (.HANGLS.
FRAC aINTERPOLATIU'% FACTOR.
6 -CuRRENT VALUE OF SPECIFIC HEAT RATIO.
GASL8 xPOUNDS DF GAS RE.VAINIG IN ACTIVE CritA'iERs.

( GAS~v3LxLB NMOLE3 OF GAS RFMAINING NN ACTIVE CHAVBERS.

GRAV zACCFLERATI, N OF GRAVITY x32.2 FT/SEC/SEC.o
GO %SPECIFIC riEAT RATIO AT !)TARr UF INTEGqATICNi STEP*
GI =SPECIFIC hrT RATIO AlTLRq *'iXIt.G GASE.
G2 zSPECIFIC hET RATIO.
HEFRACuARPAY Or .dCIGHIT FRACTIONS (USE" v-'ITH NL-,HE)o
HF zAUCPEVI.TICN FOR HfFFPAC(I3.
I zGEN*CRAL CLZPIEX
IR aINLUrX F..R LC.-LOCP ON AIM). RANGE IS 1 TO Nle
J =DOLOC2P INDEX
Ji xDLSIRED T'.T OATA LIL L1ETheEN R(JJ) ANJ3 R(JJ-1).

K -DO-LOOP INDEX

C-2
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K14AX1 =DESIRED NU:oiZ CF P-T POIN~TS iuEF0RE HE GASLS ARRIVE.
TYPICAL VA! UIS ARF 10 TO 4.0o

KASAX2 2VE4ITI.'G PiNI'd.fiLT LJr%.L PI~i.T AL*CUT 1OO/KM~AX2 LINES OF
DAA TYPICAL VALJZ5 ARE 2 Tt; 10.

KUNT u.UU14TtR FOR PIRINTi.l.U LUjIN(i VLNItfuo
L xDO-LOZ INDFX
MCC, sLS vCL'FS '~ C' 11! TH': CHAv'3ER.
MC02 xLe M~OLES OF Cr2 V~: THE CHA"'FE1.
M.H2 wLA V OLES OF H2 V& T14 CHA '-~~
P'H2O uLB MICLES CF H21^ I A THE CHA-.6ER.
MN? =LB NICLES CF N2 1'. TtfL CI::S
1402 uIB !',OLE$ OF 02 IN THE CHA1'15ER.
M41 SGRAM-' *4IOLES Or C02 FR:~.*LLo
P2 sGRAY vOLCS OF H2 FOP-E.
M3 uNOT USED,
%1 4 uNCT USED.
M5 uGRA,% !IOLES OF AL203 FORVEDe
.06 aNOT USEve
M7 uNOT USED*
IV, a GRAM, "OLES OF H20 FO'ED*
M9 =GRAY -OL ES OF CO FORVED.
NAV~E =ARRAY FOR NAY'.ES CF EXPLOSIVES.
NAMES =ARRAY FOR NA .'E OF DESIRE"' EXPLOSIVE.
N uEXPLOSIVE NU:YRER IN TABLE, OR CHAMSER EREAKING INDEX.
NN =INDEX FCR VENTING LOOP.
NONt al FOR P.G1'.PC, z2 I-OR P*LT.PC (CmOOSES VENTING EQUATION).
NOPT al DO VENTING CALC9 x2 UO SHOCK P-T CALC.
NOPTV(N).ARRAY OF WALL-BRiEAKI.1G OPTICNS.

al BREAK WALL IF PRESSURE EXCEEDS PV(N)oI .2 BREAK WALL WHEN TIME TV(N4 IS REACHED.
*3 PREAK WALL IF PRF.SSURE EXCEEnS PV(14) AT TIME MVN).

NR =NU'iBER CF ELE11EN1TS 1a USE IN R ARRAY (1 TO 1003.
NSAVE =LAST LIN.E OF VENT DATA USED IN INITIAL SREAKSs
NUME5ERzhU~dER OF UhSIREU) XPLOSIVL IN~ uATA LIST.
NUMHE mARIRAY OF hXPLUSIVE 's.-4,ERS FOR~ %RTRARY MIXING UP OF HE*
NV z3iu.4..Lrl LjF ELE.rE!NT.- If, VEN~TING ARRAY.
Ni inGRAM *1OIES OF C IN THE EXPLOSIVE.
N 2 GRA*- IOLES -')F H42 IN TrEE EXPLOSIVE.
N3 inGRAM "OLES 3F N2 IN THlE EXPLOSIVE.
N4. uGRAV '!OLES OF 02 IN THE EXPLOSIVE.
Ns *nGRAM MOLES OF AL IN THE EXPLOSIVE.
N6 xGRAi -VOLES OF N2 IN rTHE CHA-MbER AIR.
N7 xGRAX q1OLES OF 02 I N r1HE CIIAMBER AIR.
OVERP2sARRAY OF CYL-!)PH tOUIVALCE.CL C*VERPRLSSURES (PSI)*
OVPSI xOVRPRCSSURE(PSI) AT START CF VLNTINC~o
OVPS11=CURRET OVERPESSURE(PSI)o
OVP0 -=OVERPRESSURE(PSI) AT STAPT OF VENTING STEP.
OVPI =OVERPRESS',RE(PSI) AT END CF VENTINS STEP.

C-3
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P(II sAR^NAY OF INCICENT OVERPRLSSURL(PSI2 FOR TNT*
PA u~TITAL CVIERDESS, F (PSI) IN CHA':*:..FR WITHOUT GAMMIA CORR*
PAMB =OUTSIDE A:fIhIENT PRESSURE IDSIA).
PAV(N)=AR:AY OF A-MdIEINT PRESSUR~S(PSIA) IN NEW CHA.'.,ERS9
PC(JJ)aAR,- 'AY OF Lu.TACT SURFACL ARRIVAL TII4;*ISEC) JATA FOR TNT.
PCHAM =I.%!TIAL AIR PE5UR.(PAIA) IN GkIrjII4AL CHAY.ER.
PCTNT xCCTACT SURFACk J4LRPRiSSURE(PSI) AT RTNT.
P1 wOVERPR/VLA& Q)VERP IATIU FRO:.M 1-TING L.OUATtON9
PINIT ut%!T1AL C'1A%'f:!t P'S 'RF(PS A) Z*EFORE eiALLS BREAKO
PSCAL wSCLIG FACTCR FC1 RLL.AjCIG PRESSURES TO SEA LEVEL.
PSFAM5.0UT511'F .V4'sfI-T P'FSSUFE(PSFA)o
PSFCH wC,.lIVER P;Rt.SSUPE(PSFA~o
PSI(I)zA!iAY OF OVERPFESSURCIPSI) AT DESIRED RADIUS R AT TIME TI(I).
PS1REF(I~zREFLLCT,. UVLQPRt.SSURL]PSIj CJRRESPe TO PSIUI.s
PTNT PEAK CVEqP~i::SURE(SI) AT RTNT. o TST'D

PVC) uRRA CFPqESSURES(P5 IA) WLSCNhTSA~

POPS? xPC IN OVERPI;ESSUREgPSI3.
P1 *PRESSUREIPLIA3 A! E~W OF VEN1%4G STEP*
PlPSI =PH:-'SURh(PSIA) AT 0I.0 OF VENTIfs. STEP.
P2 sPRESSURE(PSFA) AFTER~ 6ALL .3REA'KSo
P2A aPRESSuRE FRQ. FIRST L-iN (FOR 4*IAING rO CHAMBERS).
P28 uPRE-SSURE FROM SECOND EON (FOR 'VIXING3 TWO CHAMBERS).
o &EN;RGY(KCAL) RELEASED SY EXPLOSION.
OPEqG xEM'ER(GY RFLF.!SFN)KCAL/GRA'.I.
01 vCjvULATIVE ENERGY DULRING INTEGR,-TICN4 FOR TEMPERATURE.
R sGRAM MOLES J2 LEFT IN CrA-LuR (CALLILD RR IN BLAST),
R(I) uAR.4AY OF L -1~ UlItANCLSI T)e NR ELEME4T3 IN THIS ARRAY@
R C~y uOISTANCE R(I) CONVLRTEU TO CP,.
REF uOVERPRE;SURE RE.FLECTION~ FACTOR.
RESULT xCJANTITIES BEING pqlNrL) IN~ S'JROUYINE GASES.

ARLOD zLE'lGTH/OIA?.ETE RATIO OF CHARGE.
RR u(I'4 BLAST 0.LY) GPAM- '4OLES CF 02 LEFT IN THE CHA~.bERo
RSCAL zSC.ILING FACTOR F'jR RE.)UCING RADII TO SEA LEVEL. y
RTNT zRlIP) RhIXCEL) TO 1 Lo TXT At bE;. LEVEL*
S I G'.A mSH-APE PARA:.-TLR IN I-ITTI-46 LUUATIC! FOR P-T DATA FCR TNT.
T sTE%'PLRATUREIR) IN SUUIOUTINL GA*-MA.
TAMB wOUTSIDE At-bIENT ILNIPCRATURL(C).
TAU iFRACTION OF POSITIVE DURATICN RASED ON 65. CMl CURVE SHAPE.
TAV(N)uARIAY OF AYAI NT TEMIPSCC) IN N~ CHAMbERS.
TCHANI alt.!TIAL tEl:P(C) IN ORIGINAL C1HA4cAER BEFORE EXPLOSION*
TCIJJ)aATRAY O TI'IE(SEC) tETwL-N SHUC. AND CS ARRIVAL FOR T#NT.
TCN'SECaTCTtNT IN C
TCTNT aCC4TACT SURFACE ARRIVAL TIt.E(SEC) AT RTNT.

kTEXP u*E'PERAruRc IN ARi;C :).uRuuTI.\c..
TEMPO aGAS Tr-*P(R) AT START GF VENTING STEP.
TE%!P) wGIS TO."D(R) AT E%') CF VENTING STEP.
TF-'P2 *GAS' Tc.'PIRI AFTER KEI.. CHA~nFR IS ADnED.
TF XGAS TEMPERATURE(FAIRENHIT).

C-4
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TIMEl :TI'-E(SECI AT rND OF VENTING STOP*
TOT:!OLmT0TAL 0.Ai7,) %;LES OF GASIS IN CH-AMBER*
TP(JJ3.AqIAY OF POSITIVE OVERPR UURATICN(SEC2 FOR TNT*
TPTNT zP.SITIVr' Pn.'ASl D4ATI~pt-($SC) AT RTNT.

TRCH mA-*:'.ILNJT i-:PtIR) I i 6R1(iI...'L CLr:A.-oLR UtIURL EXPLOSION.
TS(JJ)ARRAY OFSHUCF, FRO-11T ARRIVAL TI'*-(5EC3 vATA FOR TNT*
TSCAL zSCALIrG FACTCR FC:, REL ,UCI.%G TIPIES TO SEA LEVEL.
TSTN'T aSHCC(. FWI'T A.RPIVAL TI'IF(SEC) AT RTNT.
TV(tN) :A*CAY IF TIXF( -C CR i'-qAK1.'f* WALLS.
Tl(l) xAR;AY CF Ti.'-EZSC) AFTER OLT3NATI0N.
T2(1) zARRAY OF TI'-!L(SEC2 AFTER SHOCK ARRIVAL.
U zSPECIFtC tI A T OF roAS :IXTVJRE*
Ul xSPECIFIC mEAT OF CC2.
U 2 sSPECIFIC HEAT OF r12*
U4 wSPECIFIC HEAT OF 02.
uA xSPECIFIC HFAT OF N2.
up) uSPECIFIC HEAT OF 420.
U9 aSPECIFIC HEAT OF CO0.
V mAClIVE VOLUJ!E('U FT).
VINIT *I-NI4TIAL CHA'4bER VOLUIAE(CJ FT).
VV(N) xARRAY OF NEx CeAMEk qt;LUMIS(f'U FT3.
VO xCHAMSER VOLUPI.(CU FT) AT START OF VLiNTING STLP.
V1, sCHA?'EP VOLUMEICU FT) AT END) OF VENTING STEP.
V2 8CHAMBEtR V3LUME(CU FT) AFTER L':CHA~ltbER 1S ADDED.

4.WA xPOjNDS CF IL IN THE EXPLOSIVE.
UC xPOvNDS OF C IN THE EXPLOSIVE.
WFA zwEIGHT FRACTION OF AL IN TuiE EAPLOSIVE.
WFACT aCHARGE LNLRGY RLLATIVL TO EQUAL I:CEIGHT OF TNT.

wFC adiEIGHT FRACTION CF C IN THL EXPLOSIVE.
WFH UPAEIGHT RDACTIO'i Ci H IN THL LXPLOSIVEo
wFN mwvEInwT FRACTION OF N IN THE-- EXPLOSIVE.
WFO swEIGHT FRACTION OF 0 IN TH47 LXPLOSIVI.
wFT wAPPRCXI:4.TE CHARGL Lhl.GTm(FT2.
WH vPCJtA)S CF H IN THE LXDLUS'.VE.
WLB sWEICHT(Lb) OF EXPLOSIVE CHARGE.
WLBA mADJUST6J CH-ARGE iEI.nt(Lu).
WN zPC0'JDS OF N IN THE EXPLOSIVE.
WO .PO'.,-%)5 CF 0 IM THE EXPLOSIVE.
WPERL sAPPRGX17AT;' CHARGE wEI6GiT PER VNIT LENGTH(LU/FT).
XCASE zCCI4RRECTION'FACTOR FOR CASE EFFECT*
XlMP1 aSIDE-ON POSITIVE 1'/PULSE LBEFOREr HuE GAS ARRIVAL (PSI*-NSEC).

*XINMP1RzREFLLCTLEV VL.RPR PCSITIVE 1;.P"JLSE oLFORE GAS ARR (PSI.14SEC. .

XSHAPECZlECTIJN FACTOR~ F'U CHARtA CYLMOiRICITY.
XSrIAPLaCOIRECTI:i IACTCR FuAi I.FINITr LINL CHARGE.
X2 wGRAf' POLES OF GAS IN IN CHAiP$E~s

X3 xGRA~l MOLES OF GAS IN CHA4iER 61THOUT THE AIR.
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APPENDIX D

FORTRAN LISTING OF PROGRAM

This appendix gives the complete FORTRAN listing of the computer

program. All seven sections are labeled with appropriate card

numbers.

BLAS0010 - BLAS316o

MIX 0010 - MIX 0270

HEDA0010 - HEDA 1400

GAVl0010 - GAMM016o

GAS 0010 - GAS 0890

TNT 0010 - TNT 1330

ARDC0010 - ARDC0410
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FORTRAN LISTING OF PROGRAM

DROGRA" nLA5T( [1PUT,0tTPUT) uLASiQOIO

CY..u / T.T I *I '. R T s t9 , A AI uL;.SOO.#O

I tjj 9xI-Pl ilLAzOO6C

ujLA-501 00
I ~ ~ ~ A'1 41*2.~ * *.~ Rz),Xz tLLS01 10

*C0O-M0./VET/ lol*..~tltPVj))L~2
19% tiLAaO130

CO.At4IOt/.LI J\.. .L (Q 3 IILI- S"t. (9) rLA.SOI35
DISILNSION PS!qLF(403,9Ri(C0) 6LAS014.O

C o.LAS3150
OLMF.NST0O' VFRP2(24)9E0UTVZ24) BLASU160
PSAL '2,A9,'* 6LA30170
REAL BLLSO16C

5LAS01C0
*C TAB3LES~ FOR CYL!.2qICtL V5 SP~IEI.C.AL CHA-RCL . UIvALENCE. BLASO&00

DATA U12 LAO5
1 1.53.1.35,1.23.1ood*45*4*5*96907 t LA30252
2 *0429904A,.'319*131/ BLAS02 4

DATA OVQ2 100.1C. LAS50260
1 17 e, 913r^t .,4^^ .!Sm 9s! 7n.* 410C 95nn ., 5l. ,LIS1l2 62
2 6ofll,65",7n'n,9,E6I (L-SO264

BLA.S0Z90
300 F01.AT(E5Zt59E~o23I53 bLAS000
335 FOt TL7 :#.3;4.) t3LASO.'05
310 FOR vAT(10E701) BLAS03 10
32e1 FOR:4AT(*1fHCC< '.-AVE CALCvLATi-fl*/ FBLASO-;20

1#0INOUT PARZ'IETr.RS *916X* *CFHARGf- .. EIGHT ADJUSTVE'4TS*/ LLAS033O
2* CHARGE '..FInHT(LP) U*CI~o494X9*A1JU5TED .T(L5' TN4T) *Gli.4/ DL;503,40
3* EXPLOSIVE *4.a..fEP z'4I6913X9 *IIE L*2FRG.Y FACTDR a*G14.4/ 6LI'S.50
4* L/D) RATIO :*GI2.494X*0-4ARnE nrsA.PE FACTOR X*G14*4/ ol.L*0)

6* CHA-4tC P --S. U C(P5A~z*412.44X4.P.-5UCE J)CAL FACT, xx*'G1&#4/ t LL i.iO0
7* CHA.t-ER TEL'PIC) a*G12o4,4X,*J1I3TA.Ce' .CALC r:ACTC0Rx*3lZ.4/ .LAS0390
e* ALTITJDE fv.FT) z*G12*494X9*TtI.-- SCAL&L ACTUR a*GlZ.../ 6LAS0400
9 36X9 4X#*,*4I)P-AL REFL FACTjk R*G129-) !L3410

47t' FC'%'AT(*1~t Tc_.JAL c:,.AST :OA,.(.E :..rjAv5 P70GRA4, :.AR 1972*) 6LIS0420
4?0 FOQ'1AT(*01'r5REI) "ISTANC~trTl =*'PClZ.4/ BLAS0430

1* ~ (C;.,, Z*1PG1e*4) bL. b()440
450 FOI'-*AT( bt.A.0450

1*0 TI.W. AFTER~ TI.L AFTER IJNZ I a cT N' vr.4; ALFL *1cLAS0-ocO
2* EXPLUOiO:. 3HVC< AiRR (.Vi~mPRLSZp UVLRPI--:SS / L;L.SO470

3* (MSEC i 1:.:SEC ( PS!) (PSI) U4S0~5480

511. FOR*4ATf*en!V='' L!,E (P!ST..!EC)-/ SA00
10 Ir.'C!'T =01PrI2,4/* RFLECTC0.*1P512*41 &L-50510

5211 F0R.AT(*0CA.T~vi.--C'ijTACT SURFACC i)AS '.RriVLr).*/ oL45C 2O
1* DATA APE CR JUi CYOsU, T(.4).C3 141-ILH WuiUC,. AkkIVALu*1IPGl...) uL.so0,i3O

53 , FORi-.ATI* Cr'G _)H#,PL 4(.OiRLCT!i; 1 IS I.RUUL* P. I LXLE)S #/ tsLA50u.5
1 *RAGE CF EXPERI.-*-;,TAL LATA9*1 L Aji53 7

540 FORI4AT(* CA::- -.IGiiT CORKE.Tluf IS Cf~thE. PSI EXCEEI)a *1 LA50240
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1 0 q41:- -'F rX0rqI rTSAL rAT.44 tz L ASO 0t42
KtlAX~x10 iq'.AX41Co F;LA50560

C auLAjo~62
C RTAD INUT "AT.* BLAbO:)65

570 REAL) 30. LAS0.57O
1 PCHA.-*,TCII1A..,:j'4jPT9,.o, 6LAS0772
IFb.L&1.LE.'.j jTC:- :,PRI:JT .2C SIF(hU.'-uE~obI.O) GO TO 600 bLAS0574

qEAI TO 5"LAS0576

5a6 CALL HEDATf. 5) TO 605 tILAS0596
600 READ 1 FOR.4uEF%.i.%/1000. uLAS0600

C FOUND'S CF EACHI :L-:i-z 'T jLAb0vCZ
606. v'*.FC*.!Li: irvu..Fr1*cLu &o....L s .%Fj*.LLs ;Au.FA*4Lu~ bLAbC6O5

IF(,.,FACT.GT.'.) .3 TC 615 oLAS0608
1-.FACTmI. 'PRIN:T 612 BLAS0610

612 rO.1mAT(* TACT fI.CT 191 is UsEfl.g) 5LAS0612
615 PRINT 629U-eR4ATCO -. F'tih..FlFo.F 6LAS0615
620 F01-1AT(*01EYPL051!*E PoPE7%T~rT*/ bLASOo2O

I* NL1*:~k iE-..T EF;;R.4; LXPL.Z3IVE Cu:,.,PL'ITICt4 0. IEIGHT*/ bLAS0625
2* (CAL/G C h N 0 AL */oLA!10630

31H #149F7.3#F.695~F6o3) SLAS0640
C FIN~D PAI!5 AND! T 70 IF NCT rGIVFP*i. SLAS0650

IFPM2F.o CALL AR!!C(ALTFTPAt:tB.TA.A BLAS0660
AIFPCHAtM.LE.P.1 PC&-AY-uPA!1R SIFETCHA&LE0.) TCHA.sTA.*B SLAS0670

C DO VENTING CALC IF 'oCPTu1 AN VC SHOCk %AVE CALC IF NOjPTu~s BLAS0690
IF(N.OPT.LT*2) GO TO 1540 1LASO700

C dLASO71I
C .3iCIN St1OCkiA~VE PN-LP0T1 5S CCTICN*. tLASU720

730 REA) 3I0,(R(IR)9IfIvNR) bLAbo130
00 1403 J~~q- SIF(IR.oE.Il GO TO 760 BLAS0740
PRIhT 420 SPRMIT 62i.,.v't.A~COI-9IC,'~tF*Fo.F tLAS075C

760 RCftsR(I9)64fl.4P bLAS0760
C ADJUST CH4ARGE w1!;rTo PLAS0770

WL!3Ax.L3.*-FACT &PA:;6sPCHA': $TA;-'bTCHAXA BLAS07d0
ARSCAL(1/?LiSA*PAI/1466176)**.333.3333 t'ASO03
AsRrNTw1C-e*RSCAL JCALL T~iT(C) oLASOdIO

C *AAKE CHARGE SHlAP C ALTCh ULA~p0d30
XSHAPEj1. SI1-IRLUJ*LTo2o) GO TO 114,) bLASOd4O
IF(PSfI)9~GT.1n0e) PRINT 55 bLASO850

C CHARG~E WEInHT PrR U-NIT LFNGTI4 OF CYLINDRICAL CHARGE. cLAS0860
WPERLs(3.141A*100./(4.uL.0,),**2l34*.33333333 *WLBA**966666666 BLASO870

C MAKE CHARGE SHAPE CORRLCTCN4. tLAS0680
IF(PSI(1),t.Te20s) (O Tv 900 $X 'HAPExle'.5 *GOJ TOi 1140 6LAS0690

911 XS4P-.!*PII*.8 ULAS0900
C FIN4D I4FIhItt-CYLIa-,tk (t'ARE Smi-. C%)RI.CTI.o.A bLASiO910

IF(PSIM*~Lts2 -0o GO TO 114n *LAS092C
DO 940 1s2,24 SIF(P5I(1)#LT90VERP2(I)) GO TO 950 SLAS0930

940) C01NTIoJE 'Iu?4 BLAS0940
050 FR~CS(IOEP(-)/(iEP()OEP4-1 6LAS0950

EQUIVXzEUIV2(1-14IRA*(LuJIV2(iI-LQUIVZ(I-11) bLAS0960
XSHAPLuE2UI VX**PL** I * /WoLSA oLAS0970
IF(XW1APLsLTX~r:APL) IX.-H;,PLaXSr4APL bLAS0~b0

C TEST IF uj'IACEi JtI,?AI4LL 1. CLW.,k. LoovGH TO CHAA~r. Fi;R GOUD NESULT3. goLA410
C APPROX* CHAPGE LE~IGTH. BLAS1020
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lmYl oFTBWPFRL*L: FLAS 1030
C *'L.F CISJ;'4 CORRECTION* CASEXCASf/C.4ARGE wEIGmT RATIO* VLAbll30
1140 XCASEa0o476o5/c1.,LA5Ll b6A51140

IF(CASLeLTstlo531 XCASr31.-CA3E*OZ/f1eCASEl 6LAS1150
WLFAaJL.3*XS".APE*XCASF GLAbI160
IF(PSI(1IlGT.1n0@I PRINT 540 ELAS 1162

C FIND SrALt~n rAr?nRS, FLAS1170
09fALx!4oAnAl7O/PAvP PLAS1180
RSA~l/-L *A:/46~7l*~313 6LAS1190
TSCAL.RSCAL*'.RT( (273.16TA.:*.i2816) ELAS1200

C FIND -IESIRED RADLIUS FOR 1 Lb TV4T AT SEA LEVEL. bLASIZIO
RTNT&RC,-*RSC.-L GLASIZ20

C FIND )ATA IN TA-LES. ULA51230
CALL TNT (I I LAblk40

C CALCULATE N%3R?-AL R--FLECTION FACTORe bLAS1Z50
IFlP5I(Ilo6CT*2nn. CO3 TO 128.' 0LAS1260

-' ~*4~l%7+0PS()/7~lo*18PS()**G TO 1290 5LAS1270
1280 PEr=-3.18+7.27*ALOGl0(PS?(1)l ZIF(EFoGT*13e1 REF813o ELAS1280

C SCALE ILSULTS TO DL$!HIRE Clo4RGr- .vtGhT Ai,D A?4oIENT CONlUITIONSe bLA6LPOO
C CHANGE TIME~S PRC': SECONDS TO '-'SEC* 6LAS1310

00O IISO IKu1,*CMAXI FLAS2320
*PSII!(2sPS!(K(I/PSCAL SPSI9REFlKluPSI(Kl*REF BLAS1330

TIlK)uTl(K/TSCAL~lolo. 5T2l(33T2(KI/TSCAL*1000o SLAS1340
llwpft C'fkTIN'F ALAS1350

PTSCALaPSCAt *TSCAL eLAS1355
XIAPIaX I~lP1#10Qtn.,PTSCAL 5XIMPIRmXIMP1Ikelaoa.,PTSCAL BLAS1360

C PRINT THE "ESULT59 BLASUP80
PRINT 329L9~~ h~j.ERAFAT9 RLODXSHAPE* CASL9XCASE9 *LAS1390
I PAIl139PSCAL, TAo-a,CAL9 ALTAFTvTSCAL, REF BLAS1400
PRINT 43nP(tR)RC,*.I SPRI14T 450 FBLAS1410
PRINT 4fl',(T1(vK),T2(K),Pqt(PK).PSIREFgK.Ks1.KMAXt, BLAS1420
PRTKT 50,IPx'$~ TC'SECaTCTtJT*l~flO.ITSCAL iBLAS1430
I~fRTNToLTe65ol PR!NT 52'n.TCY-SEC bLAS1440

1480 CTNTtNUE SLAS1480
GC TO 571~ SLASI*9O

ZEN.) SHOCKgAVE PROPERTIL.S SEL'IN~e BLAi120O
C 5LA1510

*C ALASIS20
C RFC-14 VEN4TING WCT!0Ne BLASIS30
1540O PRIN~T 1550,hL~,VINITtAtNIT.PA::RTAMB.PCHAM.TCHAM,.'CPTNV *LAS1540
1550) F0R*4ATf*0VEIkTtG CALCUjLATI%);4*/ SLAS1550

1#0CHARnE WcVlb4T(L3) u*Gl2o4/ iiLAS1 560
3* IKIT VOLLu:*. (CU FTI **G12.4/ 6LAS1580
4* INIT VENT AREA(SJ FT) c*u12.*4 / dLASI1,.90
5*,Ali.:f'"NT P2 S5'%RE(PSIA)w*G12o4/ bLAS1600

6* CA.flRT TeFP(C, =*G12*4./ BLAS1630

Q)* NCPTz*I3,. faVu*t2l oLAS1640
1650 FORMATW67.I~,I71 SLAS1650
1660 F3R1 AT%*OTAcLE OF VQLU*'-E As*,D VENT AREA CHANGES*/ bLAS1660

10 P(PSIA) T(SEC3 VICU FY) A(Sw FT) PAIMB(PSIA) TA*LAS16?0
2"31) N0TV*/P(IHs661e4#IM iLAS1680

1fieC FORyVAT(#oSE!IN VENTING CALCULATION*) SLAS1690
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eAS 1700AzAINI T BLASi 710
PRINT 1640 BLA$172O
PSFCNUPCHAK*144. iTRCH3(TCmA.;I273el6)*Io8 5PSFA,'!ePAt43*144o SLAS1730

C POUNDi MOLES CF AIR. bLAS1 740
AIRPOLuPSFCH*VytJIT/(1545.*TRCH, SLAul1750
IFtNV*LE~n) AO TO 1790 BLAS1760
READ 165 09(PV .)TV(%)VV()AV(PAVITAV(N,!iOPTV(N),Ix1,NV) 3LAS.'.770
PRINT16609(PVcN).TV(Np ,VV(N),AVCN3 .PAV(N3.9TAV(N').NiOPTV(N,ii~u1,V) BLAS1760

1790 CALL GASES(V!NITTAIR.-ICL. )VPCGCTR2) BLAS1790
GA5Lbjt32o*-!O24 2R9*.'--2. I8*C.44*C 189*t*120e 29*MH2 SLAS1800
GASelCLav26!.'L'-CO: )2. H2C.'IHZ BLAS1610

C PINITwINITIAL C:iA*4*.R PR--*SUR:. (P!)FA) AFTFR EXPLOSION@ BLASib2O
PINIT=OVPC'144* ePSFCH BLAS1830POsPINIT SV'IaVItNIT STE:!PoaTR St4SAVEUm. 8LAS1840
IF(%VoL~ol 90 TO 2110~ SLAS1850
IF(NOPTV1,.NF.li GO TO 2110 BLAS1860

C SLAS1870
C BREAK WALLS IF P0 EXCEEDS TABULATED VALUES. BLAS1680

DO 2070 Nu1,NV SNSAVEUNi SLAS1S90
IFINOPTV(N)*&Eell GO TO 2110 SLAS1900
IF(PO*LT*PV(N)*144ol GO TO 2070 LLAS1910
£uA+*V(N~) eLAS1420
CALL MIX(P09VOTE'4PO.GOsGASfWOL9 P29V29TEIP4p2AIRAoDD SLAS19v30
POsPZ SVOxV2 STE4POsTE.YP2 $GOxG2 BLAS1940

C P0, V0, TEM4P09 GC ARE NON~ AFTER %E VOLU.IE IS ADDED. BLAS1950
C ADD) NEW AIR TC MCLES OF N2 ANDO 02o BLAS1960

?NZUMN2,.7Q0*..AIRADD S-*:.~:02+c2z95*A IRADD BLAS1970
GAS-40L zt'O2+.,2.:CO+. ICO2+.:,42G+,2 SLAS1980
POPStmPO/I44o SLAS1990
PRINT 20!P9VV(N)9V29A9PmPSI9G2 BLAS20002010 FORMvAT(*0F:ILURE LEVFL IN TAELE vXCEEfF0.*/ 8LAS2010
IVCLUvE T7NCREASE(Ci FTISOG12.4/ SLAS2020

2* NEW TOT VJL 4CU FT) z*G12.4/ BLAS2030
3* NEW TOT AREA (SO FT) -*G12.4/ BLAS2040
4* NEw PRESSUREIPSIA) --G12.4/ 8LAS2050
5* NEW GAMM4A u#Gl2o4) BLAS2060

2070 CONTINUE SLAS2070C INITIAL B3REAKIN4G INTO NEW CHAPIPERS IS NOW COMPLETED. BLAS2080
c SLAS2090
C NI) VVNTINC- IF 6REAz'). SLAS2 100
2110 IF(AoEOoo0. GO TO 573 86AS2 110C P~xIIJITIAL PEAK~ PRESSURE (PeFA). SLAS2120C VO&Il$ITIAL VCLUaWL (Cu FT). ISLASZ130

C TOzINITIAL TEMP(R2. BLAS2 140
PRINT 2160 SLAS2150

2160 F0IV4AT(#Ioflrr~,N VFNTfft, CF GASFS*/ SLAS2160
1* OVERPR(PSTI TP.%E(SEC) CASES(LB) TEMP(Ri GAMMA INEON*1 BLAS2170
OVPSIugPn-P5FA;'U,,I44. STI:.FIlzn SGO~ SLAS2180
GASLFgs32.EMO2, 28.*v.;2+ 28.**-.CC+ 44.*.%'CC2+ 18.*r.1H20, .2.014H2 6LAS2190
PRINT 3030,OVPSI.TI;.'E1,GASLL.TE.;POG 6LAS2O0o
PAzPSFMArsI SGRAVu32.2 BLAS2210

C DENITY (Li/C*U FT)o BLAS2220D)0uxASL9/V0 CLAS2230C CRITICAL PRESSURE (PSFAI. bLAS2240



NOLTR 72-231

PC.P/( (./U~I.I)**(/(C~1.1 ISLAS2250
C PRESSURE INCrE".E.NT BLAS216o

DP1.IPO-PAI*.n'1 tLAS2.i70
!4EO.a STI!EluOe SKOUNTal SLAS2280
VISVO BLAS229O

C SLAS2 300
NwNSAVF QL AS?2310

C PvGfN VONTINA LOOP,. SLAS2320
!90 3110 fN.1'N OOA SPInPO-DPI SGaGO SLASZS30
IF(PIeGT.PA) GO TO 2360 E)LAS2340
KOUI4Tm99 SP18PO $G0 To 3010 aLAS2 350

2360 GO TO (238O,243OINEON bLAS2360'
CVENTING FOR PI*GT.PC 8LAS2370
2300 IF(P1.LE9PCsA'W9PO.eGT@PC) P1.'C BLAS2380

DT*E=P)P)P*(I*-o/2*)*IA S LAS2390
1 SOTGA**-*n*I/)Dt1&(~o)*Csll(-o) aLAS2400
GO TO 2470 dLAS2410

C VENTING FOR P1.LT.PC SLAS2420
2430 IF(P1.LTePA.ANU*PO.CGT*PA) PlaPA BLAS243C

GGu(6-l.Ii/G SLAS2440
DTIMEln(PC-Plh/(Pl4*GG*P*GG-PA**G.)**5*V1/A/ SLAS2450
1 SCTGA4*32/5-**P*A*/n*)*l/l BLAS2460

2470 TImE~uTI"FI.'TTMF1 SLAS2470
TF(NV.:Q.1I C-0 TO 2920 fLAS2480
IFiNeGTe%V) 60 TO 2920 BLAS249C
IF(NOPTV(NieLT*2) GO T0 2920 BLAS2500 i

C CHECK TIME AGAINST VCNT!NG TAOLE* BLA52510
IF(TIMEI*LTeTV(I42I GO TO 2920 aLAS2520
IF(NOPTV(t4I9z.2) GO T0 2560 SLAS2 530
tF(P1.LT@PVIh)*144el GO TOv 2926 SLAS2540

C ADJUST T1*-'E1 TO EQUAL TV* BLAS2 550
2560 DTtmE~sTV(N)-(TtME-DTI.%1Vl) SLAS2560

TIOAFsTVIN) 3L £52S70
GO TO (259092620INEON BLAS2590

2590 DPI sP**(I3e*G-1Il(2**.*/V*DTI4EI* 6LAS2590
1 SQI4T(GRAV*G0*3*I1'O**(1./CI/u,0I*(2./(G+1I Il**(qGgz.)/gG-1.I)) BLAS2600
GO TO 265n BLAS2610

2620 G63 (G-i.I/, GLAS2620
OP1sP1**GC6 (PI**GG-PAa*GG)*O,5*A/Vl0z rt'MtI. BLAS2630

I SORT (IRAV*n*# I2*/(%"l (Pm *p*,0P4~)*1/~' LAS2640
2650 PlaPn-f)PI SCVPlaPI-PA SOVPSTICVPI/144& SLAS26!50

C REDUCE M~ASSES PUE TO VENTING* 3LAS2660
O~aOO(P1/C#*(1/G) LAS2670

TEMP1,rTEPO#(P1/POI s*C G-1. 1/G) BLAS2680
C FRACTIOf: LEFT AFTER THIS VEWNTPG STEP. BLAS Th90

FLEF~sOl/D0 BLAS? 700
MO2mMO7CFL$:FT Sml12&f"-q2*FLEFT SIICOsqCO*FLEFT BLAS2710
'1C02z'4C20FLEFT lMH,20xN.H2O*FLEFT l%1H2zjMH2*FLEFT aLAS272O
GASLPBaD1'Vl BLAS2730
GASt*O.%0L :O2,.2'CO+*':CO2+,'H20.,HZ SLA52740
PRINT 3030,OVP1,TI4-,GAqL~.iTU'P1,Gi.NiEN BLAS275O
PRINT 2770.9.TI%'El aLAS2 760

2770 FOR.;AT(* TIME H.AS REACHED TV(012*laOG12o4) BLA52 770
C BFGIN VOLumr-AREP Ct.A.,'-Z SECTION. BtLAS278C

AuA*AV(I SLAS2790
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t CALL MIX(P1.VZ.TEXP1,GqGASNOL9 P2vV2#TEI4P2#GZAIRADO) BLAS2800

01uP2 SIVV STVE1P1TEMP2 SGsGlaG2 BLAS2810
M1N2*MN2.7'.'S*hTQADD BLAS2820
M~O2MC+*.2095*A! RADD BLAS2630
GASLRu32*Wq2+ 28.*MNZ+ 28.*!4C0, 44o..#MCO2+ lb**MHZO+ 2**MH2 BLAS2640
VlaV7 SI1STxPI/144* SLAS2850

flIu(ASL'n/Vl S!tP~s(0I-0A)*.m1 BLAS2860
PRINT 20109VV(NjVlAPIPS!,G1 SLAS2870
NBN41 SKOUITuVNX2 SGO, TO 2970 BLAS2680

C END VOLUME-AREA CHANGL SECT IO'I. SLAS2690
c bLAS2900
C REDUCE M4ASSES DUE TO VENTING* SLAS2910
2920 DI*DO*(PI/P0*(1./,!) 8LAS2920

TEMP1.TE1.P(0(P/P0O**( (G-lo)s'f) SLAS2930
FLEFTuD1/lO SCASLRsD14Vl SLAS2940
M02a4O02*FLEFT SM.N2s:WN2FLEFT SMCOuNCC*FLEFT SLAS2950
MC02xMCO2*FLEFT 5 *H2OuMH2C*FLEFT SMH2uI4N2*FLEFT SLAS2960

2970 !F(P1.EQ.PC) KOUNTxK'4AXZ 81.AS2970
!F(P1.EOoPA) KOU.NT-XKr'AX2 SLAS2980

C PRINT EVERY KMAX2-TH LINE. SLAS2990

IF(KOUNT*NE*KMAX2) GO TO 3050 SKOUNTmO BLAS30004 ,3010 OVPStlsfP1-PAI/144a BLAS102O
PRINT 3O30,OVPS11,TIloGASLBTE4P1,G6fEON BLAS22

1030 F0QRlATI1H ,4G12*4,F794,141 BLAS3030
IF(KOUNToEOo9Q) Go TO 3130 BLAS3040

3050 POmP 1 SKCUNT&KOUNT+l SO~uDI STht'PO=TEM4P1 BLAS3050
IFIPI.LE*PAi 60 TO 3130 SLAS3060
CALL GAi4MA(TEM4P19GOoDU.) SGaGO BLAS3070

C RECALCULATE PC WITHi NEWV Go SLAS3080
JFPP1GToPCI PCffPA/f(2o/fG+Io.fl"(G/(61.3))) BLAS3090
TF(P1.LFoPC, NFIftu2 BLAS3100

VSll: CONTINUPE SLAS31O
C END VENTING L~OOP* BLAS3120
3130 tF(NR*GToO) GO TO 730 BLAS3i 30

GO TO 570 BLAS3140

C END VENTING SECTIO34. BLAS31 50
END BLA63160
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SUBROUTINE YX(P09VP9TEMPO9GO9GASMCLv P29V29TEMP2#G29AIRADDl mix 0010
C MIX THE GASES INl AiCJACEtiT CHAMflERSo I 02

COM?40N/VENT/ PV(10,,TV(1C),VV(10),AV(10OPAV(10),TAV(10),NOPTV(1O)NIX 0030
ION MIX 0040

VZuVO*VV(Nl mix 000IC MOLES OF AIR IN TAE ME* VOLUM~E* MIX 0060
AIRADDs(PAV(N,*144. ,*VV(?)/(1545.*(TAV(N),273.16,0*1 MIX 0070

CITERATE TO FIND NEW ToPo6. mix 0080
TOTM0LsGASPC'L+AIqADD mix 0090

DIFlul.ElO SfTEmPzTEPP0/lC~o mix 0100
C P0. VO# TEA.P0O.0 ARE 6EFORE NEW VOL'E IS ADDED. mix 0110
C P2, V2# TE9P29 62 ARE AFTER NEw VOLUIME IS ADDED* MIX 0120
C FIRST GUESS FOR TEMPZ. mix 0130

TEMP2uTEMPO MIX 0140
00 240 Ju1,100 mx05
P2Aut(TOTMOL*1545&/V2)*TEYP2 MIX 0160
CALL GAP'MA(TEM.P29G2DU.1 MIX 0170
P2Bu(G2-1*)/V2 *((1*4-19J*PO*VO *(GO01.2*PAVIN)*VV(N) mix 0180

1 ((.4-.)*(O-1)lmix 0190
DIF2*AES(P2A-P28) 4IX 0200
IF(DIFZ.GToDIF11 'rO TO 250 mix 0210

C CONTINUE SEARCH FOR CORRECT TEMP2. mix 0220
TEM'P2uTEi'P2-DTEY'P SDIF~sDIF2 MIX 0230

240 C04TINUE MIX 0240
250 P2v(PA+P29)/2o MIX 0250

RETUR14 MIX 0260
END MIX 0270
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SUBROUTINE HEDATA MEDADOO
C TABLES OF EXPLOSIVES DATA. NEDA0020

COMMON/DATA1/WLt8,NUMkERLODCASEVINITAINIToPANBTAMBALTKFT, NEDA003O
1 PCHAMTCHAMNOPTNVNR, WFACTsEFORM HEOA0040
CO#4MON/WTFRAC/WFC ,WFH ,WFN ,WFO ,WFA HEDA0060
COMMON/HE/NUMlfE(9 ,HEFRAC(93 NEDA0065
DIMENSION EQWT(4OhtEF(40htFC(40) ,FH(402.FN(40) ,F014019FA(40) HEDAOO7o
DIMENSION NAME140,5)oNAMES(S: MEDA0075

C EOWTsEOUIVALENT WEIGHT REFERRED TO TNT* HEDAOO8O
C EFxENERGY OF FORMATION (CAL/Gbs HEDAC090

DATA(INAMEI l1,Il15l=10H137H TNT 910H ll0H 9HEDW.0095
11OH ,10H 9139F603)) NEDA0096
D~ATA EOWT( 1)tEF( Ih*FC( 1),FH( l),FN( 1),FOI 1)oFA I 1 HEDAO100
1 /10009 -78.40. .370* .0229 .185. .423. .000/ NEDA011O
DATA((NAME( 2sI)9IsI,5)xIOH(37H TNETB,10H VaIO 9HEDAO115
11011 ,10H 9139F6o3)) NEDA0116

DATA EQWT( 219EF( 2)*FC( 2)*FHI 2),FNf 21,FO( 2)tFA( 2) HEDA0120
1 /1.139 -307.1, .186, .017, .2171 .5809 *000/ HEDA0130
DATAfINAMEC 39I)9I.1,5)xIOHf37H kXPLO,1OHSlVE D 910H tHECA0l35

110H 910H ,13oF6*3)) NEDA0136
DATA EQWTf 33,EF( 3)oFC( 3),FHI 3),FNI 3),FO( 3)gFA( 3) HEDA0140
1 /00B5. -386.3, .293, *0259- .227. .455. *O00/ HEDAO1SO
DATA(!NAMEt 4tI)tIuiS)u1OH(37H PENT0,1OHLITE (PETN,1OH/TI4T#50/50*HEDAO1S5

liON) 910H ,13,F6o3)1 HEDA01 56
DATA EOWT( 4)*EF( 4)9FC( 41,FH( 4dFN( 41.FO( 41."(. 4) NEDA0260
1 /1917, -242.8, o290, *0249 .182, o514, 4000/ HEOA0170
DATA((NAME( 5,I)o.11,5)z10H(37H PICRA*ICHTOL (EXPLO91ONSIVE D/TNTiHEDAO175
110N52/48) 910H1 ol3,F693)) HEDAO176

DATA EOWTt 5),EF( 51,FC( 5),FHI 51,FN( S),FO( Sl.FA( 5) HEDAO18OI1 /00900 -238,5, .329, .0249 .207. .4409 .000/ HEDA0190
DATA((NAME( 69I)9Is1,5)ulOH(37H CYCLO,1OIITOL'(RDX/T,11H4NT,70/30) 94EDAO195

110 li 10H 9139F603)) HEDA0196

DATA EQWT( 6)oEFI 6)tFC( 61*FHI 6)9FN( 6)*FO( 6)PFA( 61 HEDA0200I1 /1.149 22.799 .225, .0269 .3209 .429. .000/ NEDA0210
DATA(fNAME( 79I)9In1,5lH(37H COMP 9lOHB (RLX/TNT,1ON/WAX959.4/9HEDAO215
110H39*6/1.O) 910H tI3tF6t3)1 HEDA0216
DATA EQWJTI 7)EF( 7)tFC( 7)9FH1 7)*FN( 7),t )( 7)oFA( 7) HEDA0220

1 /1.109 4.339 .2529 .026, .298, *4249 9000/ HEDA0230

DATA((NAME( 891)912l,5)1IOH(37H RDX/W,1OIIAX9 98/2 o1OH 9HEDA0235
110H #10H1 9t39F6.31) mD0
DATA EQWT( 8)*EF( 819FC( B)tFH( B)vFN( 8)9FO( 8),FA( 3) HEDA0240
1 /10199 57.00, .1769 .030, .3719 .423, .000/ HEDA0250
DATA((NAME( 9v1)9IzI95)x10HC37H COJMP 910HA-3 tRDX/Wo1OHAXt91/9) tHEDAO2S5
110H 910H 9139F6.3)) HEDA0256
DATA EQWT( 9)oEF( 9)tFC( 9)tFH( 9)*FN( 91,FO( 9),FAI 9) HEDA0260
1 - /1.099 24.939 ,2259 s0389 .3449 o3939 .000/ HEDA0270
DATA((NAMEf1O9I)91=1,5=1OI(37H TNETS,1OH/ALt 90/10,10H 9HEDA02?5
IION 910H t13tF6.312 IJEDA0276
DATA EQWT(I1)EF(l0),FC(10),FH(10),FN(10),FO(10) .FA(10. HEDA0280
1 /1,23, -276.4. .168, .0149 e1969 .5229 .100/ HEDA0290
DATAffNAMEh11Il)9lI1,)=10H(37H TNET8,1OH/ALt 78/22.10t1 9HEDA0295

110H1 910H 9139F6*3)) HEDA0296
DATA EOWT(11 ) EF(11),FCIL1),FH(11) ,FN(111 ,FO(11) ,FA(11) HEDA0300
1 /1,18, -239.5, e146, .0129 .1709 .452, .220/ HEDA0310

D-9
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DA~fNME12III,)lO(3HTNETB.10H/AL* 72/280,10H4 .4E0A0315110"4 910H1 *139F6.3)) 
HEDA0316J DATA EQWT(12).Epc 121,FC(ls .F14112,,FNi1z, .P0112) .FA(12) NEDA03201 /1016, -221.1, *134, 9011, .157, .418. .280/ NEDAD330j OATA(INAN4E(13,EI,1U1,5

13101 1 37 H TNETB.10H/AL* 65/35.10H4 #NEDAO335110H4 .104 913oF6*33) 
H4EDA0336* j 0ArA EQWT( 13) .EFc 13),FCC131.FH(13, .FN(13).FO(13),FAI13) I4EOA03401 /1.23,o -199.6, #121# .010. .142, .377, *3S0/ MEDA0350DATA((NAME(14#IIwI9l.UO(

37 H4 TRIT0,I11HNAL (TNT/A#lOi4L*80/20) ,1HEDA03553110H4 .10H4 9139F69311 
NEDA03563 DATA EQWT(14)9EF(141.FCg14).p14(14,.FN(

14 ) F0114) FA143 H4EDA03601 /1.070 -62.72, *2969 .0189 .148, .338, .200/ 14EDA0370DATAI4NAi4E(I5#1,,1.I9
531014 137 4 ROX/A,1014LWAX* 88/,oOH10/2 *14EDA0375r 1110"4 910H;J3*F6*31j 

H4EDA0376
1 /1.30, 50.38. .160. .027, .333, *3809 .100/ NEDA0390DA7A((AME6#.r,,us5.wIOH(a

37  RDX/AtlwOqLWAX9 78191OH20o/2 PHEDA0395110H4 .101 .13#F6@3)1 
H4EDA0396DATA EOWT(16i ,EF(16).FC(16) ,f 6) ,FN(16).FOf16).FAia6I NEDA04001 11932s 43.76, .144, #024# .295. .337, &200/ H4EDA0410DATA(INAME(I1,J)1z1,SSOH(

3 7H RDX/A.1014LtWAX. 74/,101H21/5 PHEDA04151104 PION4 .13.F6*311 
H4EDA0416DATA EQWTI 17) ,EF( 171,FCI 17) ,FH11)FN1l7I .O(1?1.FA(17) NEDA04201 1.30, 29.369 .1639 #D279 .280. .320, .210/ 14EDA0450DATA1fNAMEfI69I),1.1,SElOH(

3 7H RDX/As1OHL/WAX. 74/,101422/: .1EDA043511014 910H4 913PF6*31j 
HEDA04365'DATA EOWTI1a),EF(I1FCcls,,pH(l., ,FN(18),70C18,,FACIe, HEDA04401 /1.30, 33.28. .1549 #026, .280# .320. *2201 HEDA0450r DATA((NAM4Ej19*l).1.jq5)xlOH(

3?H RDX/At1OHL/WAX* 62/9101H33/5 OHEDA045511014 #10H4 913#F6*31) 
NEDA0456DATA EQWTU19I EF( 19).FC(19) .F1(19,,FN.1q, ,FO(193.FAC19) HEDA04601 /1.190 21.42, .1439 .0249 .2359 .268, .330/ H4EDA0473DAT~lNM~c0#Iv~x#5?lOH3?HTORPE910H4X It (RDX/.1OHTNT/ALv42/,14EDA047S1101440/18) .1014 913PF6.)) 
H4EDA0476DATA EOWT(201,EF(2O)oFC(20lFH4

15).FN(20,,po(20),FA(20, H4EDA04601 /1.24, -3.57, .216. .021, .2339 .350* .180/ 14EDA0490DATA((NAME(21.h,,1.l#5)z
041 37 4 1-6 £91014R0X/TNT/AL,1014/WAX,45129,14EDAO.

9 511014/21/5i 910H #I3#F6.3)) 
H4EDA0496DATA EQWT(219EFz1tFCc21F4(21),FN(21),FO(

2l, FAI21i 14EDA05001 /1.27. -12.569 .2239 .0259 #224# .318, .2101 NEDA0510DATA((NAME(2,!ITwlS)flH(?
14 14X-1*lOii (RDX/TNT/,10HAL/WAX,40/,14EDA051S110H38/17/5) .1014 9139F6.311 

NEDA0516DATA EQWT(22)9EF2)FC(22,,F4(22,FN(22) FO(221 .FA(221 NED'A05201 /1.21, -22.93. .2499 o026. .221, .334, .170/ H4E(,A0530

DATA((NAE(24,1)1.lS)IOH(
7  ALUP4I,1OHNUM/AL .1014/6/3 .1EDA0575

1014 .1014 9139F6011j 
HEDA0576
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DATA EQWT1251,EFI26),FC(253 ,F1(ZSIFN(25),F0(25DFA(25) MEDA0580
1 /0.. 0., 0., 0.. 0.. 0., If/ HEDA0590
DATAf(NAME1269IlI5)1014(314 WAX 910H4 $10ON ,1EDA0595

11014 .104 9139F603)) HEDA0596
DATA EQWT(261,EFE26),FC(26),FH(26),FN(26h*F(26),FA(26 NEOA0600
1 Oa0.. -392., .856, .1449 0.. 0.. Of/ NEOA0610O
DATA((NAME(2?#lI,!wl99)x1OH(374 ROX #IOH .10O4 9HEDAO615

11014 .1014 9l3sF6&3)) HEDA0616
DATA EOWT(27) ,EF(27h9FC(27),FH(27hoFN(27),F0(27),FAI27) HEDA0620
I / 0.. 66.16, .162, e0279 * 3 79t o4329 0., NEDA0630
DATAUNfAME(2Ui)1xI,5)I4(374 PETN .10O4 .1014 9HEDA0635

11014 910H4 9I39F6o3)i HEDA0636
DATA EQWT(28) ,EF(282 ,FC128).F426) FN(28),FO(28),FA(28) NEDA0640
1 0., -407.1, .190. .026. .177, .607, 0./ N4EDA0650
DATA((NA14E(2991)91I9S,)w10H(374 TETRY#1OHL *ION4 tHEDA0655

11014 .1014 .13P6*3)) HEDA0656
DATA EQWT(29).EF(29).FC(291,F14(29),FN(29),FO(29hoFA(29) N4EDA0660
1 /0.. 16.26, .293, 9017t 92449 .4.469 0#/ 1EDA0670
DATA((NAME(3OsTIIul95I01 tiOH .10H4 91EDA0675

11014 *I04 9139F6.3)) HEDA0676
DATA EQWTC30ohEF(30hFC(30),FH130, ,FN(30,,FO(30),FA(301 14EDA0680
I / 0.t 0.. 0., 0., 0.. 0., 0./ N4EDA0690
DATA((NAME(31I~1,5I9)u11 .10H4 .10H4 vHEDAO695

11014 910H 9139F693)) N4EDA0696
DATA EQWT(31JEF(31 :FC(31 I F14131) ,FN(31).FO(311,FA(31) HEDAO0
1I 0.. 0.. 0.. 0., 0.. 0., 0./ H4EDA0710
DATA((NAME1329t)9l195Iu10H .1014 .10H4 9HEDA0725

11014 *L0OH 9139F603)) 14EDAO?1S
DATA EQWT(32).EF(32,,FC(32),F14(32),FN(32h*FOI32IPA(32) t19DAO720
1 / 0.. 0.. 0., 0.. 0.. 0.. 0*1 HEDA0730
DATAC(NAME(339I)9tv1,5)uilOH .1014 910H4 ,MEDA0735

110ON #1014 9139F6*3)) 1EDA0736
DATA EQWT(331.EF(331,FC(33),F14(331,FN(332.FQ(333,FA(33) MCWAO7&0
1 / 0.., 0.. 0., 0.. 0.. 0., 0.1 H4EDA0750
DATAI(RIAME(3491Ita=1,5)*IOtt ,1014 .1014 9"DA0755

11014 .1014 v13F6.3)1 NEDA0756
DATA EQWT(343,EF(34),FC(34),FH(34htFN(34,FO(341,FA(34) 1EDA0760
1 / 0.. 0., 0., 0.. 00. 0., 0f/ HEDA0770
DATA((NAME13591)91I95,SxuOH 91014 01014 ,1EDA0775

11014 910H 9139F6031) 14DAO?76
DATA EOWT(35JEF(35IFC(35IF14(36),FN(353,FO(35lFA(35) HEDA078O
1 / '0.. 0.. 0., 0.. 0., 0.. Of/ NEDA0790
DATA((NAMEt36#1)9J=1,5)w114 ,104 10O4 ,1HEDA0795

11014 , .1014 139F6.31) H4EDA0796
DATA EQWT(361,EF(36)hFC(363 .FH(36),FN(363.FO(36),FA(361 HEDAOS00
1 / 0.. 0.. 0.. 0., 0.. 0.. 0f/ HEDA0810
DATAl(NAME(37,I)t1=1,5,=IOH 910H4 610H4 HEDAO815

11014 #1014 139F6.3)) 14EDA0816
DATA EQWT(37),EF(371,FC(37),FH(3?IFN(371,FO(37),FAI37) HEDA0820

1o O/ 0., 0.O0. . 0.. 0., Of/ 14EDA0830
DATA(UNA4E(389119I1,l5u1014 91014 910H *HEDAO835

11011 910H4 9139F6*3)) HEDA0836
DATA EGT3)E(8gC3)F13)F(8#O3)F(8 H4EDA0840 I
1 /O0. 0.. 0.. 0ft a.. 0.. 0./ 14EDAO85O

i

D-I c
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DATA((NAMEl399I)9Iw1.5)wlOH SION #ION .HEDAOSSS
liOm 910H 9139F6*3)) HEDAOSS6

4DATA EOWT(39),EF(39),FC(39htFH(39),FN439).FO(39),FA(39) HEDA0860
I Oa0. 0., 0., 0.. 0.. 0.. 0.1NDA87
DATA((NAME(409I)s1ul*5)uIOH 910H *IOH *HEDAOS75

110"4 910H 9139F6.3flMLAU1
DATA EQWT(40)hEF4Oh1FC43,FHL.O)FN(40),FOI4O).FAi4O) HEDAOSSO
1 O a o 0.. 0.. 0.. 0.. D./ NEDA0890

c HEDA0990
IF(NUMBER*Eoo-1) 60 TO 1200 MEDA0995
NaNUMBER SWFACT*EQWT(Ni SEFORMsEF(NI/10009 HEDA1000

C WEIGHT FRACTIONS SWNFN SF=O WAFIj MEDA1010
WFCuFC(N) SWFH*FH(N) SW~F() SFuON W~F() HEDA1020
DO 1030 L.1,5 HEDA1025

1030 NAMES(L)uNAME(N9L) SPRINT NAMES HEDA1030
RETURN HEDA1050

C NEDA1190
C MIX UP AN EXPLOSIVE FROM COMPONENTS IN LIST. HEDA1195
1200 EFORMUWFC*WFHaWFN=WFOsWFA*Oo SPRINT 1370 HEDA1200

DO 1290 1=199 SNaNUMNEII) SHFuNEFRAC(II HEDA1210
FN *EdOl GO TO 1300 NEDA1220

DO 1225 1.1.5 HEDA1222
1225 NAMESIL).NAML(N*L) SPRINT NAMESsN9HF NEDA1225

EFORM=EFORP4+HF*EF (N) SWFC=WFC+HF*FC(N) HEDA1230
WFHaWFH4HF*FHC N) SWFN*WFN+HF*FN IN) NEDA1240

WFO=WFO+HF*FOCN) SWFA=WFA+HF*FA (N) HEDA1250

120CONTINUE MEDA1290

1370 FORMAT(*OMAKE UP SPECIAL HE MIXTURE--*/ HED41370

D-12
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SUBROUTINE GAMMAIT*G*U) GA#M0010
COMMON/MOLGASIMOZ .MN2 ,MCO.MCOZ ,MH20,MH~2 GAMM0020
REAL M029MN29MC09MC02vMH20vMH2 GAMM0030

C M02 ETC ARE LB MOLES BUT UNITS CANCEL HERE. GAMM0040
U2u5o76.20. /T***5..000578*T GAMM0060
U4w11.~l5-l72*/T***5e1530@/T GAMM0070
U6u9*47-34?oo/Te1 160OOO/T**Z GAMMOOSO
U~xl9*86-597*/T***5+7500*/ GAMT9
U9v9*46-329O*/TIT*07000./ T**2 GAMMOIOO
U1316o2-6530*/T+1410000*/T**2 GAMMO11O
UuU2*MH2,U4*M02+U6*MN2.UB*MH2O+U9*MCO+U1.MC02 GAMM0120
UaU/(4MH2+M02+MN2+MH2O.MCOMCO2) GAMM0130
GaU/(U-1*9871 GAMM0140
RETURN GAMM0150
END GAMM0160

D- 13
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SUBROUTINE GASES(VsAIRMOLP29G9TR) GAS 0010
C INPUT DATA ARE NPRINT9VAIRMOL9WC*WH#WN.WO*WAe GAS 0020
C OUTPUT DATA ARE P2,GTR.OMO2,MN2,MCOMCO2M20.MH2 GAS 0030
C VsCHAMBER VOLUME (CU FT)0  GAS 0040
C AIRMOLwLB MOLES OF AIR IN CHAMBER. GAS 0050
C P2uOVERPRESSURE IN CHAMBER-DUE TO HE GASES (PSI)* GAS 0060
C GuSPECIFIC HEAT RATIO OF HE GAS-AIR MIXTURE IN CHAMBER. GAS 0070
C TRaTEMPERATURE (IRANKINE)o GAS 0080
C STATIC CHAMBER PRESSURE CALCULATION ACCOUNTING FOR AVAILABLE 02. GAS 0090
C COMBUSTION PRODUCT SEQUENCE IS H20, AL2039 COO C02, GAS 0100

COMMON/DATAI/WLB*NUMBERRLODoCASEVINIT.AINITtPAMBTAMBALTKFT, GAS 0110
1 PCHAMtTCHAMNOPTtNVtNRt WFACTEFORM GAS 0120
COMMON/MOLGAS/MO2 MN2 .MCOMCO2 iMH20MH2 GAS 0130
COMMON/HEMASS/WCWHWNWOWA GAS 0140
COMMON/GAS/NltN2tN3,N4,N5.N6tN7T GAS 0150
1 MlM2tM39M4,MStM6#M7tM8#M9, R9O#X2 GAS 0160
REAL N1,N29N3#N4,NSN69N7 GAS 0170
REAL M1,M29M3,M49MSM69M79MIM9 GAS 0180
REAL M02oMN29MCO*MCO29MH209MH2 GAS 0190
PRINT 210 GAS 0200

210 FORMATI*OPROPERTIES OF GASES--*) GAS 0210
QCRsM2 M~aM~zM8 M9uMlaOo GAS 0220

C GRAM MOLES C9HZtN202*AL2 GAS 0230
NluWC*45l.6/12. GAS 0240
N28WH*453.6/2. GAS 0250
N38WN*453*6/28. GAS 0260
N4=WO*453.6/32. GAS 0270
NSBWA*453,6/53,963 GAS 0280
N6sN3+,7905*AIRMOL*453,6 GAS 0290
NTzN4+e2O95*AIRMOL*453.6 GAS 0300

C RmGMOLES 02 LEFT. GAS 0310
RUN7-N2/2. SIF(R.GT.O.) GO TO 340 GAS 0320
M8Ie2*(R+N?/2&) SM2zN2-M8 SRwO* S0u57.80*M8 SGO TO 450 GAS 0330

340 M8wN2 SOuN2*57S80 SRwR-Ie5#N5 SIF(ReGT.0* GO TO 370 GAS 0340
MSa(R+I.S*NS)*(2&/3*) SOuQ+MS*400.3 SRao* SGO TO 430 GAS 0350

370 Q0a+NS*400.3 SRzR-N1 SIF(R.GT.O.) GO TO 510 GAS 0370
RnR+NI/2* SIF(R*GT.O.) GO TO 420 GAS 0400

$ M9*29*(R+N1/2.) SOuQ+M9*26.42 SRaO. GO TO 470. GAS 0410
420 M1u2oR SM9vNI-29'R SOwO+Ml*9405+M9*26,42 SRx. SGO TO 490GAS 0420
430 RESULTuMS/N5 SPRINT 4409RESULT SGO TO 540 GAS 0430
440 FORMAT(* PERCENT LAST PRODUCT (AL203) w* G12.5) GAS 0440
450 RESULTuM2/N2 SPRINT 460,RESULT W00 TO 540 GAS 0450
460 FORMAT(* PERCENT LAST PRODUCT (H20) al 012.5) GAS 0460
470 RESULTuM9/NI SPRINT 4809RESULT SGO TO 540 GAS 0470
480 FORMAT(* PERCENT LAST PRODUCT (CO) ** G12*51 GAS 0480
490 RESULTxMI/Nl SPRINT 500#RESULT 50 TO 540 GAS 0490
500 FORMAT(* PERCENT LAST PRODUCT (C02) a* G12.5) GAS 0500
510 PRINT 520 GAS 0510
520 FORMAT(* OXIDATION COMPLETE*l GAS 0520

Mi-N1 SOuO+94,05*Nl GAS 0530
540 X2aR+M2+N6+,M$M9+M GAS 0540

X3wX2-AIRMOL*453.6 GAS 0550
0-0+0592*X3 GAS 0560

C OuENERGY RELEASED (KCAL). GAS 0570
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OLO+BLB*453,6*EFORM GAS 0580

C LB MOLES OF GASES, GAS 0600
MO2=R/453*6 $MN2zN6/45396 SMCO-M9/453*6 SMCO2aMl/453,6 C-AS 0610

MH2OzM8/453,6 SMH2sM2/453.6 GAS 0620
DTalO0* $01s0. SUz7o $Tzl98*(TCHAM+273916) GAS 0630

C INTEGRATE UNTIL T IS FOUND SO ENERGY EQUALS G* GAS 0640

00 760 J=ltlOO STuT+DT GAS 0650CALL GAMMA(T9GtU) SDQu(U-1,9871*DT*X2*qO005556 GAS 0660

010l+D SIF(Q1.GEQ) GO TO 780 GAS 0750
760 CONTINUE SPRINT 770 GAS 0760
770 FORMAT(* T HAS REACHED UPPER LIMIT.o*) GAS 0770

C CORRECT T SO 01 HITS 0 EXACTLY* GAS 0775
780 T=T-(01-OI/DO*DT SGxU/(U-1*987) GAS 0780

C ABSOLUTE PRESSURE IPSIAI GAS 0785
P2uX2/453.6*lo987*778,/144o *T/V STRaT SP2uP2-PCHAM GAS 0790
TF=T-460* SPRINT 8109TF GAS 0800

810 FORMAT(* TEMPERATURE9 DEGREES F =*G12.5) GAS 0810

OPERG*0/(453.6*WLS) SPRINT 8149QPERG GAS 0812
814 FORMAT(* ENERGY RELEASEtKCAL/G) z*G12*51 GAS 014

PRINT 8309G GAS 0820
830 FORMAT(* SPECIFIC HEAT RATIO *G12*51 GAS 0830

PRINT 870P2 GAS 0860
870 FORMAT(* GAS CVERPRESSURE(PSI) -*G12,5) GAS 0870

RETURN GAS 0880
END GAS 0890
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SUBROUTINE TNT(L) TNT 0010
C POSITIVE-PHASE PROPERTIES FOR 1 LB TNT IN SEA-LEVEL AIR* TNT 0020

COMMON/TNTIN/RTNTsKMAXI TNT 0030
COMMON/TNTOUTPTNT.TSTNTP:TNTTCTNT.PCTNTPSI(40),T11402,T2(401 TNT 0040

1,JJ$XIMP1 TNT 0050
DIMENSION P(1O8),R(1O8I.TS(108),TP(108h*TC(23I TNT 0060

C RADIAL DISTANCE FROM CHARGE CENTER (CN2. TNT 0070
DATA R/ 4.0549 4.680. 5.7009 7.120. 9.200. 10.6. 12.4. TNT 0060
1 14.7, 176t 19.0. 21.7, 25.0. 26.1. 30.0. 32.0. TNT 0090
2 34.5. 37.4. 41.0. 46.0. 48.8. 52.4. 57.3. 65.. TNT 0100
3 66.4, 72.0, 79.0. 65.3. 89.0. 93.0, 98.4. 105.. TNT 0110
4 114.. 125., 133.. 142.. 154.. 171.. 180.. 196.. TNT 0120
5 218.. 23'0., 25!.. 269.. 269.. 316.. 350.. 402.. TNT 0130
6 438.. 483.. 546., 640.. 6C0.. 781.. 920.. 1070.. TNT 0240
7 116')., 1260., 140').. 1580. 1830.. 2200., 2450.. 2790.. TNT 0150
8 3220.. 3900.. 4250., 4960.. 6010.. 7030.. 7710.. 8540., TNT 0160
9 9600.,1.10E.',1.29E,',1.57E.'.1.77E,4,2.04E.4.2.40E+492.92E+4, TNT 0170
13.21E+',3o79E+4464E+4. 5.48E+4.6.04E+4,6.73E+4,7.60EiAS.76E+49 TNT 0180
1103600.,127400.,14420t'.,166400.,197100.,242700..267800.,317600.. TNT 0190
2391300.,464300.,512500.,572500.,6'9100.,750400,,891100..1.1OE+69 TNT 0200
31.248E6,1.444E6,1.716E6.2.120E6,2e342E6/ TNT 0210

C INCIDENT OVERPRESSURE (PSI). TNT 0220
DATA P/ 7800., 7000.. 6000.. 5000., 4000., 3500., 3000.. TNT 0230
1 2500., 2000.. 1800.. 1500.. 1200., 1000.. 900., 800.. TNT 0240
2 700., 600.. 500.., 40')., 350., 300;., 250.. 190,, TNT 0250
3 180.. 150.1. 120.. 100.. 90.. 80.. 70., 60., TNT 0260
4 50.. 4')., 35.. 30.. 25., 20.. 18., 15., TNT 0270
5 1299 10.. 90, 8.0. 7.0, 6.0, 50. 4,0, TNT 0280
6 3.5. 3.01. 2.5, 3.0. 1.6, 105V 1;2, 1.0. TNT 0290
7 .90. .80. .709 .60. .50. .40. .35. .30. TNT 0300
a .259 .209 *16, .15, .129 .10. .09., .08. TNT 0310
9 .07, .069 .05, .04. .0359 .03, .0259 .02. TNT 0320
1 .018, .015, o012, .010. .009. .008. .0079 .006, TNT 0330
1 .005. *004. o0035v .003, .00259 .002. .0018, .0015. TNT 0340
2 .0012. oO010. .0009. .0008. 900179 *00069 .0005, .00049 TNT 0350
3 .00035. .0003. .000259 .0002, .00018/ TNT 0360

C SHOCK FRONT ARRIVAL TIME (SECfo TNT 0370
DATA TS/ 1@E-10. .78E-6.2.25E-6,4o52E-6.8.30E-6,10.9E-6.14.SE-69 TNT 0360

1: O E-4 .'7.4E-6,31.3E-6939e3E-6949.9E-6,60o7E-6.68.3E-6976.ZE-6, TNT 0390
iua6tL-bol00E-6,113.E-69146.E-69163,E-69186.E-6,220.E-69281.E-6 TNT 0400
3293,E-69343.E-6 ,410.E-69479.E-6.517.E-69564,E-6,629.E-6.714.E-6. TNT 0410
4840.E-6,1.OIE-34 .14E-3.1.30E-3,1.51E-391.84E-3,2.02E-3,2.36E-3, TNT 0420
52.64E-393932E-3,3.SSE-3,',.04E-3,4.52E-3,5.19E-3,6,06E-3,7.40E-39 TNT 0430
68.38E-3,9959E-3.1 1.3E-3.13.9E-3, 15.2E-3. 17.8E-3,21.7E-3926.OE-3. TNT 0440
7 .*0286, o0315, .0355. .04079 .0479, .0587, .0659, .0758, TN4T 0450
8 .08849 o10829 .1185. .1392, .17009 .1998, o21989 .2438. TNT 0460
9 .2746, .31579 .3714, o4536, .51239 .5916, o69739 *8500# TNT 0470
1 #9352, !o1069 1o3559 3.602, 1.7669 1.969, 2.225. 2.5669 TNT 0480
1 3.036, 3.7359 4.2299 4o8e1. 5.783, 7.123, 7.861. 9.3249 TNT 0490
2 11.49. 13.64. 15.059 16e8l1. 19.06, 22.04, 26.18, 32.32. TNT 0500
3 36.66. 42&429 50.429 62.29, 68.81/ TNT 0510

C DURATION OF POSITIVE OVERPRESSURE (SEC)* TNT 0520
C FIRST 23 VALUES ARE DURATION IF CONTACT SURFACE HAD NOT ARRIVED. TNT 0530

DATA TP/3.90E-5,4.30E-595.OOE-5,5.90E-5.7.20E-598.OOE-5,99OOE-5 * TNT 0540

11.02E-4,1.19E-4,1 .28E-4,1.41E-4,1.60E-491.76E-4,1.66E-4,1.98E-4, TNT 0550 '
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2Z.1OE-4,2.27E-4,2.45E-4,2.74E-4,Z.89E-4,3.OOE-4,3.35E-4,3o80E-4v TNT 0560
33e88E-4,4s20E-4,4o7OE-4, *501-39 *52E-3, *55E-3 ' *58E-3s o62E-39 TNT 0570
4*68E~-39 *76E-39 *83E-39 o90E-39 .99E- le12E ;19E-3 .29E-39 TN4T 0580

51.41E-391.51C-3,1.57E-3,1.65E-3,1.78E-3,1.54E-391.96E-3,2.13E-39 TNT 0590
62.24E-392.36L-3.2.52E-392.72E-3,2.82E-3,3 .OOE-3o3ol7E-393*32E-39 TNT 0600
73.39E-3,3.45E-3.3.54E-3,3o62E-393.72E-3,3.84E-3,3.90E-3,3.97E-3. TNT 0610
84.OSE-3.4. 15E-3.4.19E-394.25E-3,4.34E-394.40E-3,4.45E-394.49E-39 TNT 0620
94*52E-39 0., 0.. 00 0.. 0.. 0.. 0.. TNT 0630
1 O99099O09O69O09O09009O09 00909009.09909090906 TNT 0b40

1 000090909009990906 C0969090600/TNT 0650
C TIME (SEC) BETWEEN SHOCK FRONT AND CONTACT SURFACE ARRIVAL. TNT 0660

DATA TC/ I.E-iD, oIE-69 o24E-6, *46E-69 *SOE-691*1OE-69 1*5E-69 TNT 0670 '
12o24E-69 3oE-693o95E-69 5o2E-6t 7e5E-691Oe9E-6913.2E-691S99E-6o TNT 0680
220o2E-6926o2E-69 34oE-69 49@E-69 589E-69 77oE-6v116*E-69452oE-6/ TNT 0690

CTNT 0740
C TiaTIME9 TZ.TIME SINCE SHOCK ARRIVAL. TNT 0750

FUN1(XlX2,sEXP(ALOG(Xl),FRAC*ALOG(X2/XlU) TNT 0760
XIMPluTCTNTsOo TNT 0770

C FIND DESIRED POINT IN TABLES. TNT 0780
D0 810 JJs29108 TNT 0790
IF(RTNT.LToR(JJ)) GO TO 830 TNT 0800

810 CONTINUE SJJx1O8 TNT 0810
C DESIRED DATA LIES BETWEEN R(JJ-1) AND R(JJ). TNT 0820

830 FRACvALOG(RTNT/R(JJ-1fl/ALOG(R(JJ)/R(JJ-1)) TNT 0830
PTNTsFUN1(PIJJ-1)tP(JJ)) SPSI(l~xPTNT TNT 0840

C CALC ONLY PSI(i) IF LxO *TNT 0850
IF(LoEQ*01 RETURN TNT 0860
TSTNT=FUNi(TS(JJ-i) .TS(JJI) TNT 0870
TPTNT=FUNI(TP(JJ-1)oTP(JJ)) TT08
IF(JJ*LE*23) TCTNTxFUNI(TC(JJ-1)PTC(JJI) TNT 0890

C FIND SHAPE PARAMETER SIGMA. TNT 0940
SIGMA=228*/RTNT-o95 TNT 0950
IF(JJoLEo231 SIGMAs226*/65o-.95 TNT 0955
T1(1)=TSTNT ST2(1)=O. TNT 0960
PSI(KMAX1JuO. STI(KMAXI~sTSTNT+TPTNT ST2(KMAX1)xTPTNT TNT 0970
DO 1030 Kz2,KMAX1 SIF(KoEQ.KMAX1) GO TO 1020 TNT 0980
TAUmFLOAT(K)/FL0AT(KMAXI) TNT 0990
PlIl(1-TAUW*EXP(-TAU*di.,5IGMA/(.5+TAUf)I TNT 10OO
PSI(KlzPTNT*P! ST2(K)uTAU*TPTNT STI(K)xTSTNT+T2(K) TNT 1010

1020 XIPzIP+S(S(IPS(-)*T()T(-1 TNT 1020
1030 CONTINUE SRETURN TNT 1030

END TT13
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SUBROUTINE ARDC(ALTKFT9PA4BTAMB)ARCOl
C ALTKFTnALTITUDE (KTLOFEFT1. AROC0020
C PAMBuAMBIENT PRESSURE (PSI)* ARDC0030
C TAMBuAMBIENT TEMPERATURE C$* ARDC0040

C AROCOOSO
ALTZmALTKFT*o3048E3 SALTH.6356766.0*ALTZ/ 16356766.04ALTZ) AROC0060
IF(ALTH*GT*11000*1 GO TO 100 AROC0070
TEMP2288916-0.o65*ALTH ARDCOOSO
PAMSu14.696178/128160/IZSS.160-O.0O65*ALTH,3**5.256122185G0T0400ARDC0090

100 !F(ALTII.GTe2S000.) GO TO 130 ARDCO 100
*TEMP=216*66 AD01

PAMBU3.2s25452a/I10...(o.06a483z53E-3*(ALTH-11000.0)) SGOTO 4000ROCO120
130 IF(ALTH*GT.47000*1 GO TO 170 AROC01304 TEMPS216.66+0.003* IALTII-25000.03 AROC0 140

4 PAMB=O.36094654/( 1141.660.3.OE-3*ALTH)/216.66)*t11.38826473 ARDC0150
GO TO 400 AROC0160

170 IFfALTH.GToS3000*1 GO TO 200 AROC01 70
TEMPx2S2*66 ARDCO18O

PAMB&O*o1746a6,( 10.**(O.O5249Z6823E-3*IALT4-4700O.O) 3) SCIOTO 400ARDC0190
200 IFIALTH.GT.9000o) GO TO 230 AROC0200

IEMPu282.66-0.0045*(ALTH-53000.01 ARDC0210
PAMB=S.4040$E-3fl (282.66/TEMP)*O7.592176) SG0TO 400 ARDC0220

23 FATA,009 OTO 260 ARDC0230
TEMP*165elil ARDC0240

PAMw~o6I9E-4EXP(-0.0341647942*(ALTH-79000.0 /165.66)SGOTO 400ARDCO25S"
20FCLHT0001GO TO 290 AROC0260

TEMP=165.66,000040* IALTH-900l0.0) ARDC0270
PMus59-*165.66/TEMPIo*8.541196 SGOTO 400 ARDC02S0

29 60AT*~luOOlG TO 3ZO ARDC0290
TEP256+*2(ALTH-105000.0) AROC0300

PAMBsle04442E-6*(225*661TEMP)**1*708239 SGOTO 400 AROC0310
320 IF(ALTH*GT*170000*1 GO TO 350 ARDC0320

TEMP.1325.66.0.01*IALTI-160000.O) ARDC0330Ot
PAMB=5.14O15E-6*(1325.66/TEMP)**3.4164794 SGOTO 400 ARDC0340

350 IF(ALTH*GT*200000@) GO TO 360 ARDC0350
TEMP.1425o66,0.005*(ALTH-170000.0, ARDC0360
PAMB.~.0654E-6*( 1425.66,TEMP3**6.832958 IGOTO 400 ARDC0370

380 TEMPM1S5566.O0o03S*IALTH-200000.o, ARDC0380
PAMS=Z.O595E-8*(l 15566/TEf4PI**9.761369 AROC0390

400 TAMBuTEMP-273*16 $RETURN ARDC0400
END ARDC0410
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